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SYLLABUS

This Section 103 Small Beach Erosion Control Report was prepared
at the request of the State of Connecticut. The study area consists
of 1,800 feet of shoreline at Sherwood Island State Park West Beach,
Westport, Connecticut. The purpose of this study is to investigate
the beach erosion control needs for the area.

Sherwood Island State Park is a 200-acre park owned and operated by
the State of Connecticut. The park consists of two distinct beach areas,
East Beach and West Beach, which are separated by a rocky headland known
as Sherwood Point. West Beach has been experiencing severe erosion over
the years; however, East Beach has remained relatively stable. Therefore,
this study will concentrate only on West Beach.

A beach erosion control study was completed by the Corps of Engineers
in 1949, in cooperation with the State of Connecticut. This study investi-
gated the Connecticut shore between Ash Creek and the Saugatuck River,
which includes the Sherwood Island State Park area. The report recommended
the placing of sandfill along 6,000 feet of Sherwood Island State Park
shoreline, and the construction of one groin at the west end of the beach
and two timber training walls at the east end of the beach to protect and
improve the beach for recreational use. Construction of this work was com-
pleted in June 1957.

The rapid loss of sand at Sherwood Point caused the State to request a
restudy in 1966. This restudy led to a resolution, adopted in May 1968 by
the Committee on Public Works of the United States Senate, requesting that
the Board of Engineers for Rivers and Harbors (BERH) review the 1949 report
to determine whether or not any modifications should be made to the original
plan. The Corps completed a report in November 1974 and forwarded it to the
BERH for review, recomnending that a modification of the authorized 1949
plan was advisable. No final action was taken by the Board at that time
because of the State's failure to meet the items of local cooperation.

The State of Connecticut requested, in January 1979, that the Corps
complete the Sherwood Island Project, because the condition of the beach
was worsening and they were now in a position to meet the requirements of
local cooperation. A reconnaissance report was completed in June 1980.
The report stated that due to the State's improvements at Sherwood Point,
the recomendations as stated in November 1974 report could be reduced and
that the work along the East Beach was no longer necessary. The reconnals-
sance study determined that a detailed study of only West Beach was feasible.

This Detailed Project Report Investigated several alternative plans of
erosion control for West Beach. An a result of this study it was determined
that the following plan, Plan 3, was the most feasible plan of improvemint:

Beach widening by the direct placement of suitable sandfill along
1,800 feet of West Beach, extending east from the existing Federal
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groin structure to Sherwood Point. Also included is the loweringof the landward portion of the existing groin structure and theconstruction of an intermediate low-profile groin structure approx-
imaely900feet west of Sherwood Point.

This plan will provide a 200-foot level beach berm width and a useable drybeach space of approximately 275 feet above the mean high waterline.

The Division Engineer recommends that, subject to certain conditions ofnon-Federal cooperation, the recommended plan be authorized as a beacherosion control project under Section 103 of the River and Harbor Act of1962, as amended. The estimated first cost of construction for thisproject Is $960,000, which includes the first year of periodic nourishment,and Is to be borne jointly by the United States and the State of Connecticut.The Federal share is estimated at 70 percent or $672,000, and the n s-Federalshare is estimated at 30 percent or $Z88,000. Annual charges are $95,000and the annual project benefits are $734 ,800 providing for a benefit-costratio of 7.73. These coat-sharing figures include periodic nourishmentand are subject to approval by the Chief of Engineers. Conditions of localcooperation must also be met.
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PHOTO 2 *Post construction aerial view of Sherwood Island Park

beach, immediately following construction. Note,

wide protective recreational beach throughout. (1957)
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PHOTO 7 -Sherwood Point which separates East Beach and West Beach.

4WL4

PHOTO 8 -Looking west from Sherwood Polo, along West Beach. Note
lack of available dry beach space.



PHOTO 9- Looking east along West Beach towards Sherwood Point.
Note large stones placed to protect erosion of backshore
and picnic area.
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PHOTO 10- Closer look at erosion of backshore and large stones placed

to prevent further erosion.



PHOTO 11- Looking west from Sherwood Point along West Beach. Note

configuration of shoreline.

PHOTO 12- Closer look at erosion and shoreline configuration.

Note temporary build-up of material adjacent to erosion

area.



PHOTO 13 - Lookin along erosion area towards Federal groin srcue

Note lack of dry beach space.

P~ROO 14- Closer look at Federal groin structure. Note rocky
conditions of foreshore area.



PHOTO 15 Lokn at the S:atedland on the west Bide of the
existing Fdrlgroin structure. Note that this

areahasbeenstavedby t4ie raising of the groin.

PHOTO 16 -Looking from ocean side at the east tidal gate for

I Sherwood Kill Pond.
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WEST BEACH
SHERWOOD ISLAND STATE PARK

DETAILED PROJECT REPORT

I NTRODUCT ION
This Detailed Project Report presents the results of an analysis of

the beach erosion problem at Sherwood Island State Park. Sherwood Island
State Park Is located In Westport, Connecticut, approximately 10 miles
vest of Bridgeport, Connecticut and 50 miles east of the city of Now

- I York. The park is one of Connecticut's favorite recreational areas. The
beach is separated, by Sherwood Point, into two distinct bathing areas,
known as East Beach and West leach. The beaches have been overtopped
during frequent serious winter storms. However, over the years East leach
has remained relatively stable; therefore, this study will concentrate on
West leach.

STUDY AUTHORITY

In a letter dated 19 January 1979, Governor Mlla Grasso requested
that the Sherwood Island State Park beach erosion control study be
completed. The study and construction, subject to approval, to authorized
under Section 103 of the River and Harbor Act of 1962, as amended for
Small leach Erosion Control Projects.

SCOPE OF STUDY

The scope of this study consists of evaluating approximately 1,800
feet of the Sherwood island State Park West Beach shoreline for beach
erosion control. The damages that storm winds and waves cause to the
shoreline were investigated along with alternative plans for providing
shore protection, encouraging healthful recreational beach bathing, and
preventing future damages due to the natural elemtents. A detailed
analysis was conducted of all the elemients necessary for successful
economic water resource planning for the study area, Including detailed
studies of the social and environmental features of the area, associated
construction costs for the considered plans, and other related matters.



S)TUDY PARTICIPATION AND COORDINATION

Throughout the course of the study.* close coordinat ion was maintained
with Federal, State, and twn officials as veil as the general public.
All phase. of the study were coordinated with the U.S. Fish and Wildlife
Service, various organizations within the Department of Environmental
Protection, and State Marine Fisheries Service. Contact was made with the
Coastal nineering Research Center to obtain assistance in choosing the
best possible method to use to determine the coastal processes In Long
Island Sound. State amod town officials, representatives of the
organizations mentioned above, and the public were kept Informed as to the
progress of the study.

OTHER STUDIES AND REPORTS

The Corps of Eagineers, in cooperation with the State of Connecticut,
completed a beach erosion control report for the reach of shoref rout
between Ash Creek and the Saugatuck liver In 1949. This report is
published in Rouise Docmnt No. 454, 61st Congress, 2d Session.

Published to Rouse Document No. 412, 87th Congress, 2d Session is
an interim hurricane survey report, completed in 1961, for Westport,
Connecticuit. This report recomended Federal participation in a hurricane
protection project for the nearby Compo, Beach area. A second interim
hurricane survey report wa~s completed for Connecticut coastal and tidal
areas In 1964. This report is published in louse Document No. 146, 89th
Congress, let Session.

The Coastal Engineering Research Center completed In May 1967,
blchnical Memoranum No. 20, "Behavior of Beach Fill and Borrow Area at
ftexwod Island, Westport, Connecticut." This technical study reviewed
the existing problem at £Srwood Iland and made recomndat ions for
Imprvemnts.

I& June 1966, the Corps completed a reconnaiosace report in response
to the request of 5 January 1966 from the Water Resources Comission,
State of Connecticut (now called the Department of Unviromental Protec-
tioe). This report ws completed in accordance with the authority of
Section 103 of the River and Narbor Act of 1962, as amended by Section 310
of the liver smad Marbor Act of 1965. The report recommended that a full
scope beach erosion control survey report be undertaken.

A beech erosion control study of Sberwood Island wes undertaken by
the Corps of Engineers in November 1974. This included a review of the
19 report completed by the Corps in cooperation with the State of
Connecticut. The study was deferred due to lack of local cooperation.
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A study of shoreline stabilization at Sherwood Island State Park and
the Compo Cove area was performed, for the State of Connecticut, by

S Flaherty Giavara Assozaiates, P.C. and Raytheon in September 1979. This
study also looked at the restoration of Sherwood Mill Pond. Recommenda-
tions were made for improvements to existing structures and the addition
of new structures.

THE REPORT AND STUDY PROCESS

The main report is the base document, presenting the broad view of
the overall study. Through the main report, the nontechnical reader is
provided with a view of the problems and needs of the study area as well
as a discussion of the recommendations and conclusions. The appendices
contain data and details, both technical and nontechnical, and are
supporting documents for the main report.

In June 1980, a reconnaissance report, which is the culmination of
the first stage of the study process, was completed. The reconnaissance
report reviewed the problems and determined that further analysis and
completion of the study yarn warranted.

The second and final stage of the study process is concluded with
this Detailed Project Report. This report defines in detail the problem.
and needs of the area and outlines detailed alternative plans. These
plans are based on environmental constraints and detailed engineering and
design considerations. A recommendation, based on the above criteria and
on a benefit-cost ratio, is made for a selected plan. The State of
Connecticut has received and reviewed the Draft Detailed Protect Report.

PROBLEM IDENTIFICATION
This section of the report presents the problem and needs of the

beach area, both present and future. Problem and opportunity statements
are developed through studying the problems and needs in conjunction with
the planning constraints. The analysis of plans takes into account the
requirements of the national objectives and other planning tasks.

NATIONAL OBJECTIVES

The Principles and Standards procedures, established by the U.S.
Water Resources Council, require that the national objectives be examined
for each alternative plan to determine the impacts on the total
environment. The national objectives Investigated are National Economic
Development (NED) and Environmental Quality (EQ). These two objectives

3



are assigned equal importance during the planning process. Consideration
is also given to Regional Economic Development (RED) and Other Social

Effects (OSE).

The two major goals considered In the development of the alternative
plans are:

NED Objective - To increase the nation's output of goods and services
and to improve economic efficiency in order to enhance the National
Economic Development (NED).

EQ Objective - To enhance the Environmental Quality (EQ) through the
management, conservation, preservation, creation, restoration, or
improvement of the quality of certain natural, cultural, and ecological

resources*

EXISTING CflNDITIONS

Sherwood Island State Park is owned and operated by the State of
Connecticut, and is divided by Sherwood Point into two distinct beach
bathing areas known as East Beach and West leach. Other than the beaches,
facilities in the state park include such items as a pavilion containing a
restaurant, a bathhouse, sanitary facilities, picnic tables, ball playing
areas, and large grassy areas.

State officials estimate that 90 percent of the visitors to the park
use the beach while the other 10 percent use the backshore facilities.
The East leach has remained relatively stable over the years; therefore,
West leach is the only beach that this study will cover. The West leach
extends for approximately 1,800 feet between Sherwood Point and an
existing Federal groin structure. To the west of the Federal groin
structure is a small portion of State beach, then a private beach area
known as Compo Cove Beach. (See Plate 1.)

There is little or no dry beach bathing area above the mean high
waterline on sec'tions of the West leach near Sherwood Point. However, the
western portion of the beach is approximately 100 feet wide above the mean
high water line and very heavily used. Due to the effects of the tides,
winds, waves, storms, hurricanes, and littoral drift, the West Beach has
been experiencing a serious erosion problem over the years.

There are oyster beds located about 1,000 feet offshore. There is
some evidence of clams, mussels, and snails in the nearshore area,
however, since this is a high energy area the number is very small. The
Westport Shellfish Officer has reported that the area is only used for
beach bathing and is closed for clamming and although there are sowe clams
available, this is not a viable resource.

4 0



Sherwood Island State Park is open to the general public, for aa nominal fee, and is easily accessible to residents of much of Connecticut
and the New York City area. Due to the fact that Sherwood Island Is the

most convenient beach for the residents of the New York City area, and
because most of the other beeches in the vicinity of Sherwood Island are
open only to residents, the majority of the visitors (75 percen) to the
park are residents of New York. The park is a very popular recreational
area; however, due to the erosion that has occurred over the years,
combined with the beach's popularity, an overcrowding condition now
exists.

CONDITION IF NO FEDERAL ACTION TAKEN

Erosion is occurring on the eastern portion of West Beach of Sherwood
Island State Park, while the western portion of the beach near the Federal
groin structure is fairly stable. If a beach restoration program is not
undertaken by the Federal government, the erosion of the eastern portion
of the beach will continue and will eventually result in the loss of
valuable shorefront property. The stability of the western portion of the
beach will continue, to a point, then erosion will take over and some sort
of an equilibrium will be reached. This point of equilibrium will in no
way supply the needed dry beach space. The State of Connecticut is
regisding the beach periodically and will continue to do so as long as
their budget allows. This regrading, however, does not include the
addition of any sandfill; therefore, it does not make up for the loss of
sandfill nor does it help control the erosion. Eventually, if no Federal
action is taken, the deterioration of the West Beach of Sherwood Island
State Park will result in the loss of valuable shorefront property,
causing a loss of income to the State. Another problem is that as the
land is lost, the wave action causing the erosion may carry the material
out, possibly impacting the offshore oyster beds.

PROBLEMS, NEEDS, 1ND OPPORTUNITIES

Due to the tact that the erosion is allowed to continue, the back-

shore picnic area is eroding and the beach fronting this area is gone, as
a result the available dry beach space has decreased, which results in
more overcrowding. Eventually, the overcrowding will be such that people
will try to find other beaches to visit. With the beach users atte.ting
to find other beaches to visit, the State will suffer a loss of income

from both the fee to use the beach and from the restaurant. Most of the
other beaches in the area are either privately or locally owned and are
not open to the general public; therefore, the nonresidents who visit
Sherwood Island State Park are not left with many alternate beeches to
visit. Another problem caused by the continued erosion is one of safety
to the bathers. The nearshore is very rocky and several bathers have

5
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suffered from rock bruises and cuts. As the erosion continues, more rocks
are exposed and the potential for injury increases. There is a definite
need for more available dry beach space at the park.

The rocky nearshore is not only a source for safety problems, it is
also a source for visual problems since it is not aesthetically pleasing
to the eye. This area is also a limited shellfish area betw. in mean high
water and mean low water. This area, however, is not considered a viable
resource area.

PLANNING CON STRA INTS

Consideration was given to many concerns in developing the considered
plans of improvement, but only a f ew of these concerns are Identified as
constraints.

Planning constraints are limitations that are taken into considera-
tion in the planning process. These limitations are based on a wide range
of concerns, such as natural conditions, social and environmental factors,
economic limits, and legal restrictions.

The following constraints were found to be relevant to the study:

Avoid adverse effects on the nearshore fishing areas. This area
contains popular fishing areas.

Avoid adverse effects on adjacent shore configurations. Any work
performed on this beach must not cause deterioration to any adjacent
beaches.

The State's financial capabilities are limited, therefore, the plans
that are formulated should not put unreasonable financial burdens on
the State.

PROBLEM AND OPPORTUNITY STATEMENTS

Problem and opportunity statements define water and related land
resource management needs that can enhance National Economic Development
(NED) and Environmental Quality (EQ). These needs, which include
national, State, and local needs, are specific to a given area. Problem
and opportunity statements are derived from known areas of public concern
and from anticipated "vithout project" conditions that are likely to
occur. Based on these Item, the following problem and opportunity
statmats were established for the 50-year period of analysis:
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. Cotibt to the safety of the users of the beach.
. Cotriuteto the economic strength and veil-being of the area.
. Pesevethe environmental quality of the area.
. Cotriuteto the continued recreational use of the beach.
. Cotriuteto the stability of the beach.

FORMULATION OF PRELIMINARY PLANS
Consideration vas given to both structural and nonstructural

solutions in formulating alternative plans for Sherwood Island. In
formulating these plans, engineering, economic, environmental, and social
factors were studied to arrive at the best solution. Plans vere developed
to identify and minimize conflicts to the greatest extent possible.
Public meetings were held with State, regional, and local officials for
their preferences and desires in arriving at the selected plan of improve-
ment.

MANAGEMENT MEASURES

As a basis for formulating alternative plans, a broad range of
management measures were examined for possible solutions to the problems
at Sherwood Island. Structural as well as nonstructural alternative
measures vere considered. Such nonstructural measures included:

a. Do nothing approach, allow the beach and backshore to continue to
erode naturally.

b. Improve backshore park and other recreational facilities.

c. Dune restoration with grass planting.

d. Improve shoreline conditions to reduce the threat of injury to
bathers by alleviating the rocky conditions.

e. Limit the number of beach bathers on peak days.

f. Restrict fishing to the areas designated by the State Marine
Fisheries and allow swimming only in areas away from other activities.

Structural measures included:

* a. Place suitable sandf ill along the entire beach area.

b. Construct groin structures to compartmentalize the beach.

c. Construct an offshore breakwater.

7



d. Place rock revetment along the backshore.

e. Improve the deteriorated Federal groin structure as needed.

PLAN FORMULATION RATIONALE

Alternative plans were developed from different management
mneasures. Forimlation leading to the selection of the recommended plan
included an evaluation of the NED, EQ, OSE, and RED accounts in arriving
at the best plan of protection for Sherwood Island. Input for improvement
came through public contacts with State, regional, local and concerned
Interests. These plans were evaluated according to the Principles and
Standards of the Water Resources Council.

PLANS OF OTHERS

At this time, there is a study being undertaken by a contractor for
the State of Connecticut for the Compo Cove area. The plan of improvement
for Compo Cove Beach consists of beach widening by the direct placement of
suitable sandf ill, the construction of two low-profile groins on the
beach, and one structure on either side of the entrance to the inlet.
Sandf ill will also be placed on Old Mill Beach. No work is scheduled to
be done in Sherwood Pond.

ANALYSIS OF PLANS CONSIDERED IN PRELIMINARY PLANNING

All of the alternative plans developed below address a broad range of
publicly held concerns. Economic, environmental, and social needs were
considered in the forimulation of these plans as well as in solving water
and related land resource problem. Each plan was screened for feasi-
bility and Justification during the study and, depending on the
conclusion, was either recommended for further detailed analysis or
eliminated from the study.

DESCRIPTION OF PLANS

Various plans were studied and analyzed throughout the planning
process. Structural and nonstructural plans were such methods used In the
study of correcting the problem of the eroding shoreline and beach and to
provide more usable beach space for the public. As stated previously,
suggestions and recommendations from Interest groups were used In
formatioa of these plans. The following is a brief description of the
plans considered:
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(The three plans containing sandf ill were considered with three possible
beach berm widths: 200, 225, and 250 feet.)

Plan 1 - This plan consists of widening the existing beach to the
three level berm widths by the direct placement of suitable sandf ill along
approximately 1,800 feet of shoreline extending from the east limit of
study at Sherwood Point to the west limit of study at the existing Federal
groin structure.

Plan 2 - This plan consists of widening the existing beach, to the
three level berm vidths by the direct placement of suitable sandf ill along
approximately 1,800 feet of shoreline within the project limits, and
lowering the landward end of the existing Federal groin structure.

Plan 3 - This plan consists of widening the existing beach to the
three level berm widths by the direct placement of suitable sandf ill along
approximately 1,800 feet of shoreline within the project limits, lowering
the landward end of the existing Federal groin structure, and constructing
a low-profile groin structure located approximately 900 feet west of
Sherwood Point.

Plan 4 - Shore management planning guidelines. This involves
planning guidelines for managing the use of the backshore facilities and
providing additional planning guidance for future public participation in
water related activities. This plan includes such items as restricting
the number of beach users on peak days, designating certain areas for
fishing, erecting sand fencing, controlling access to designated areas,
and planting grass on the backahore dunes.

Plan 5 -This plan consists of constructing an offshore breakwater
located 600 feet in front of the West Beach.

Plan 6 - This plan consists of placing rock revetment along the
entire length of backshore along the West Reach extending between the vest
groin structure and Sherwood Point.

COMPARATIVE ASSESSMENT AND EVALUATION OF PLANS

It was generally agreed by Federal, State, regional, and local
Interests that some degree of protection for Sherwood Island was needed.
Although Plans 5 and 6 provide some degree of protection to the area, they
will not contribute to the recreational use of the area. These plans are
extremely costly and the minor benefits that they provide do not make up
for the cost. Sand placement and periodic nourishment of the beach will
not be as costly as Plans 5 and 6, and will protect the backshore area
while also providing recreational benefits. Plans 5 and 6 are also more
environmentally damaging than the sandf ill plans. Plan 4 will help to
retain a small area of the beach space. Plans 1, 2, 3 and 4 are viable
alternatives, both structural and nonstructural, which were formulated toJ
contribute to the study objectives of the area. These plans will be

9
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compared and traded off against one another for NED and EQ benefits in the
"Assessment and Evaluation of Detailed Plans" section to determine which
plan best meets the needs and desire. of the ares.

CONCLUSIONS

Following the first stage screening of alternative measures for beach
erosion, Plans 1, 2, 3 and 4 have been selected for further evaluation
since they meet the requests of Federal, State, regional, and local
interest groups for reducing the loss of valuable beach and improving the
quality of the beach to meet the future demand for recreational bathing
facilities. These plans meet one or more of the criteria of the problem
and opportunity statements. These alternative plans will be carried
forward for more detailed analysis.

ASSESSMENT AND EVALUATION OF DETAILED PLANS

This section contains an analysis of the four alternative plans of
improvement selected for detailed study. Evaluation of the alternatives
is based on their fulfillment of the project problem and opportunity
stateMents.

The detailed plans of improvement considered for this final evalua-
tLe were developed using the preliminary design data recommended in the
reconnaissance stage planning report, and any input received from
concerned interests. These two parameters were first and foremost in
dewloping plans that will support improved recreational use and efficient
abeate protection. The various improvement methods considered are groins,
shore masaement guidelines, sandfill, and lowering of the landward end
of te existing Federal groin structure. Each method has a distinct
fuetiam, and the method or combination of methods that is most efficient
ad eavironmentally and economically acceptable will be selected. The
proposed sandfill will prevent overtopping of the beach and provide
pr tection to the eroding backshore and additional recreational beach
are&. A groin will provide additional protection to the beach from storm
waves, limit littoral drift, and provide an effective sand retention
measure. Lowering the existing Federal groin will allow wind-blown sand
to reach and restore the deteriorating Compo Cove Beach. A nonstructural

boge management plan will provide guidelines to assist the State in
samseng the backshore. These measure include such things aim providing
d6ee1sted walkways onto the beach, placing sand fences along the back-
mhere to trap wind blown sand, planting dune grass in the backshore dune
are to eneourage new vegetation, and preventing beach bathers from using
the areas. Other management easues could be restricting the number of
besch taers on peak days, limiting parking to four hours per day in order
to encourage a greater turn over, and designating certain areas for

0
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DESIGN CRITERIA

The proposed plans of improvement were designed to provide needed
protection against wave action experienced during frequent winter storms
and to provide and preserve a much-needed recreational bathing and park
facility. The improvements would also provide substantial erosion control
protection against rare severe storms and hurricanes. Pertinent design
features are described below.

DESIGN TIDE

The destgn tide selected is 11.0 feet above mean low water (4.0 feet
above mean high water). It is expected to occur with a frequency of about
once in 2 years. The design tide elevation was selected as the maximum
practical level that should be considered in constructing protection for
the generally low backshore area. (See Appendix 4 for details.)

DESIGN WAVE

The design wave height, selected for the proposed improvement was
determined in accordance with methods developed by the Coastal Engineering
Research Center (CFlRC), Fort Belvoir, Virginia. Wave heights and
directions were determined based on available wind and storm data and were
corrected to allow for the effects of shoaling and diffraction. (See
Appendix 4 for details.)

WAVE RUN UP

Wave run up on the proposed structures and sandfill was computed for
a storm estimated to occur with a frequency of once in 2 years. An
allowance was made foc some erosion of the beach in selecting the wave
height based upon past experience and conditions observed after storms. A
6 foot, 5 second wave would cause a wave run up to an elevation of about
1.5 feet above the design water surface or to 0.5 feet above the
constructed beach berm elevation, based on an average beach slope of 1
vertical on 15 horizontal.

SANDFILL AM"- PERIODIC NOURISHMENT

The proposed project will require a substantial amount of sandfill to
provide protection to the backshore and meet the recreational needs of the
beach. The sandfill required will be clean and free of all pollutants. A
portion of the sandfill could come from nearby Compo Cove. This material,
if environmentally acceptable, could be used as a base or underlayer for
the beach with the remaining top layer (4-6 feet) coming from a nearby
land source. If this offshore material is either not available or not
acceptable then a commercial source located within fifty miles of Sherwood
Island would be used. Our investigation of source of beachfill material

11
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indicates that necessary quantity and specified quality of material is
available from local commercial sources.4

As part of the coat of construction, annual periodic nourishment of
the project Is Included an part of the cost of construction. This
nourishment is necessary to maintain project dimensions and Is based on
available historic data of losses that have occurred in the area.

MITIGATION REQUIREMENTS

Mitigation measures would include steps to control the temporary
noise, air, and vater polution caused by placing the sandf ill on this
recreational beach and constructing the rock groin. Also, before
construction, surveys should delineate the exposed areas of cobblestones,
and care should be taken not to place excessive sand over these areas.
Although this near-shore zone is not an active shellfish area, there is
evidence of some clams, mussels, snails, and other marine life in this
rocky and cobble stone environment. Every attempt will be made to
minimize, the impact on this dynamic area. Any sandf ill placed on the
beach and in the intertidal zone would eventually be redistributed by the
tides and would assume a natural slope. This uniformly graded material
will minimize the on and offshore movement of material and will have no
impact on offshore oyster beds. We feel that the impact in this area and
seaward will be relatively Insignificant. This is evident from historic
surveys that show that very little change has taken place below mean low
water over the years after the initial placement of sandf ill i~n 1957.
Other mitigation precautions to be taken are to assure the quality of the
sandf ill material and construct the beach in the fall or early spring with
no construction beyond 30 June. No mitigation will be required with Plan
4.

GENERAL ASSESSMENT AND EVALUATION OF IMPACTS

The general Impacts of the proposed project that are common to the
three beach erosion control plans containing sandf ill of improvement are
evaluated below.

Sandf ill Impacts - The impacts of the proposed sandf ill on the beach
are only short term and include temporary air, noise, and water pollu-
tion. The most serious Impact Is the temporary disruption of the bottom
In the intertidal zone. To reduce this adverse impact the proposed
sandf ill material specified will be well sorted to reduce the amount of
fine material, thereby reducing the turbidity caused by the placement of
sandf ill in the water. Other impacts, such as the sandf ill placed in the
intertidal zone covering the cobblestones and temporarily destroying any

clams or organisms attached to the stones, will be kept to a minimum by
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using a steeper foreshore slope. The 1 horizontal on 15 vertical slope
will reduce the extent to which the toe of the sandfill extends into the
water.

Dredging Impacts - Impacts caused by dredging the adjacent Compo Cove
will only be short term and temporary in nature. This dredged material,
if used, will be placed along the West Beach as an underlayer to be
covered with a better quality material from a local land source. The
material will be restricted to the backshore area of the beach with the
better quality material being placed in the intertidal zone. This will
minimize the turbidity and the littoral transport of the fine material
caused by current and wave actions.

The amount of dredged material expected to be removed from the cove
is approximately between 30,000 and 50,000 cubic yards.

Long-Term Impacts - Long-term impacts would only occur as a result of
the low-profile groin structure. The construction of the low-profile
groin structure will have an impact on marine life because of its loca-
tion. This impact will be minimal and affect only the marine life
directly beneath the structure.

Shoreline Impacts - Placing sandfill on the West Beach will provide
additional dry beach space for beach bathers and protection to the back-
shore park from storm-driven waves. No adverse impacts except during
construction are foreseen at West Beach or the adjacent shoreline.

Impacts on Beach Erosion and Use - At present, West Beach is eroding
at a rate of about 4.0 feet per year. As a result, the backshore park and
picnic area is being eroded and attendance is restricted to the western
section of the beach. The present beach is also being overtopped and
waves are breaking on backshore embankments causing serious erosion. The
three plans that include sandfill will facilitate existing beach use.

Economic Impacts - The increased use of the park as a result of these
plans will have economic impacts on the park. An increase in revenue for
the State, in the form of entrance fees and concession use, and a possible
increase in staff and patrol jobs will result from increased park use.
First aid requirements could be reduced because the sandfill will cover
the exposed cobblestones; therefore, the number of bathers being treated
for cuts from the exposed cobblestones would decrease. The economic
impact evaluation is based on beach usage and prevention of loss of land.

Benefits for the project have been calculated based on the assumption
that when the beach is completed attendance will increase immediately.

Costs have been estimated using 1981 price levels and an interest
rate of 7-3/8 percent. Detailed estimates of the cost of each plan of
Improvement are contained in Appendix 4.
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To determine the most practical and economically feasible plan of
improvement, a benefit-cost analysis has been developed using current
price levels and interest rates. A comparison of the estimated annual )
costs and benefits is displayed in the appendices.

PLAN I
PLAN DESCRIPTION

This plan consists of widening the existing beach to a level berm,
width of 200, 225, or 250 feet, by the direct placement of suitable
sandfill along approximately 1,800 feet of shorefront extending from the
west side of Sherwood Point to the east side of the existing Federal groin
structure. (See Plate 2-1.)

IMPACT ASSESSMENT

Sandfill Impacts - Plan 1 requires the placement of approximately
90,000 cubic yards of material from a nearby commercial sandpit. If
between 30,000 and 50,000 cubic yards of this material was taken from
Compo Cove and used as an underlayer, the impact on the borrow area and on
West Beach would be short term. This deepening of the cove would benefit
local boaters who visit the area. West Beach is considered a very dynamic
area. Historic shoreline change maps reveal that the beach is constantly
moving. They also show that beyond the mean low water line the configura-
tion of the shore has not changed drastically over the years. Unconsoli-
dated sand material is transported from east to west, evidenced by the
large buildup of sand along the east side of the existing Federal groin
structure located at the west end of the beach. This material, a portion
of which is lost to the Long Island Sound system, has not seriously
damaged or destroyed marine life in the area. Based on past historic
data, a wave refraction analysis, and a knowledge of the littoral process,
it was determined that alongshore losses will be drastically reduced with
a better quality of sandfill. The selection of the fill to be placed on
the beach will be based on the material found on the beach. Every attempt
will be made to obtain fill that will be compatible with the size and
color of the existing material. Also, to enable a more accurate deter-
mination of sand movement in and around the beach, a series of post
construction surveys and monitoring is being scheduled. This will assist
in determining the effects of a better quality of material on sand

movement.

Shoreline Impacts - This plan will impact the shoreline. The erosion

of the shoreline will continue. However, it will be slower, because a
better quality material will be placed on the beach. The present
shoreline configuration is a result of storm, wind, and wave action.
Historically, the shoreline Along West Beach extended seaward approxi-
mately 250 feet from its present location. This was a result of the
placement of sandfill in 1957. At that time the shoreline was eroding

0
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very rapidly, but the demand for public recreational beaches was not as
great as it is today. As the shoreline eroded over the years much of the
eroded beach material was transported into Long Island Sound and Compo
Cove. This was determined because there is no evidence in historic
surveys of any larger deposits of material directly in front of West
Beach. The proposed material to be placed on the beach will extend
seaward of the existing backshore, approximately 300 feet, to the mean
high water line, provide much needed beach bathing space, and have an
average beachfill depth of 8.0 feet. To maintain the shoreline at or near
design dimension, annual periodic nourishment will be high.

Nearshore Impacts - The placement of sandfill in the nearshore area
will have little or no significant impact on marine life in the area.
Preliminary surveys by the State and discussions with the Westport
Shellfish Officer revealed that the area contains a limited amount of
marine life, with "no significant shellfish population." Marine life such
as clams, mussels and snails; is sparsely scattered along the shore and
can be found mostly at or below the mean low water line. Because of the
dynamic nature of this area, sand moves in and out of the area depending
upon the time of the year. The rocky shore fronting West Beach is exposed
in the fall and winter and covered with up to a foot or more of sand
during the summer.

The proposed sandfill will be placed along the backshore and the
natural tidal action will distribute the fill material in the nearshore
area. It is anticipated that the material being distributed through this
natural process will stay within the limits of the existing groin
structure. A minimal amount of additional sandfill will be distributed at
or below the mean low water line during construction. The beach will
erode naturally through normal tide and storm action. With a better
quality of material (material with fewer fines), losses offshore and
alongshore will be greatly reduced. The slope of the fill in this area
will be determined by the natural tide and storm action and will conform
to the natural slope of the area. Previous surveys have indicated that
over the period of record 1955 to 1980, material lost from the beach has
not been deposited in the offshore area directly in front of West Beach.
Indications are that this material has been transported within the Long
Island Sound system. The profiles also reveal that in the vicinity of the
mean low waterline the amount of sand deposited is relatively unchanged.
The proposed sandfill is designed to restrict the placed material within
the existing mean low waterline. No material will be placed at Sherwood
Point.

Economic Impacts - There are no significant adverse economic impacts
as a result of the proposed beachfill. The impacts that result from the
placing of suitable sandfill are mostly positive and any adverse impacts
are short term. (See Table I for economic benefits.)
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EVALUATION AND TRADE-OFF ANALYSIS

This plan will provide additional beach bathing space and protection3
to the eroding backehore. Storer-driven waves will no longer erode the
backahore park area but wiii break seavard of the eroding embankment. The
trade-off of this plan is that by constructing the project, additi,)nal
benefits viii be obtained through increased beach use and protection of
the backehore park. The sandf ill placed on this beach will provide
protection to the backshore park and provide a recreational beach bathing
area that is beneficial to State and local businesses. The benefits from
this improvement far exceed the short term losses that would occur to the
marine life along West Beach. According to the Westport Shellfish
Officer, the clamming along West Beach is not significant, and is not
considered a viable resource. This is a very dynamic area and the
existing ground In the surf zone is constantly changing. Sand is
deposited and removed from this area on a regular basis. At any one time
6 Inches to 1 foot of sand could be deposited over the rocks and cobbles
and remain there for several months. During the summer months, there have
been times when the entire area has been covered by sand. The marine life
now existing on the beach has survived such changes and it is not antici-
pated that the addition of any sandf ill will create a hazard. Long term
benefits derived at from this plan far outweigh the short term
environmental losses.

PUBLIC VIEWS

The majority of the public views expressed to date have been
favorable with respect to the construction of this improvement. For
additional information, see Public Views and Responses Appendix.

PLAN 2
PLAN DESCRIPTION

This plan consists of widening the existing beach to a level berm
width of 200, 225, or 250 feet, by the direct placement of suitable
sandf ill along approximately 1,800 feet of shoreline between Sherwood
Point and the existing Federal groin structure and lowering the landward
end of the existing Federal groin structure. (See Plate 2-1.)

IMPACT ASSESSMENT

Sandf ill Impacts - The Impacts of this plan are the same as those of
Plan 1, plus the lowering of the existing Federal groin at the west end of
the study, which will allow some wind-blown sand to overtop the structure
and nourish the down-drift b~aches.

Shoreline Impacts - The impacts of this plan are the same as those of
Plan 1.
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Nearshore Impacts - The impacts of this plan on the nearshore will be
the same as those of Plan I.

Economic Impacts - This plan will have the same economic impacts as
Plan 1. (See Table I for economic benefits.)

EVALUATION AND TRADE-OFF ANALYSIS

This plan will provide the same evaluation and trade-off features as

Plan 1.

PUBLIC VIEWS

The majority of the public views expressed to date have been favor-
able with respect to the construction of this improvement. For additional
information, see Public Views and Responses Appendix.

PLAN 3

PLAN DESCRIPTION

This plan consists of widening the existing beach to a level berm
width of 200, 225, or 250 feet, by the direct placement of suitable
sandfill along approximately 1,800 feet of shoreline between Sherwood
Island Point and the existing Federal groin structure, lowering the
landward end of the existing Federal groin structure, and constructing one
low-profile groin structure located approximately 900 feet west of
Sherwood Point. (See Plate 2-1.)

IMPACT ASSESSMENT

Sandfill Impacts - The impacts of this plan are the same as those of
Plan 1.

Shoreline Impacts - This plan will not have any significant adverse
impact on the shoreline. It is de igned to stabilize the backshore by
compartmentalizing the sandfill. he low-profile groin structure will
attract marine species and encourage fishing during the early spring and
winter months. The groin (as discussed in Appendix 4) will not interrupt
the normal alongshore or offshore movement of material. These normal
losses were taken into account and an annual beach nourishment program is
recommended.

Nearshore Impacts - The impacts of the placement of sandfill in this
plan are the same as those of Plan 1. The placement of the low-profile

$ . groin structure will destroy some of the nearshore marine life, however,
the groin itself will attract other marine life to offset this loss. The
impact of covering the clams is not significant because the area to be
covered is relatively small. The impact of constructing the groin will
also be beneficial to local fishermen that frequent the area.
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Economic Impacts - This plan will have the same economic impacts as
Plan 1. In addition this plan will provide-fishing benefits due to the
construction of the low-profile groin structure. (See Table 1 for
economic benefits.)

EVALUATION AND TRADE-OFF ANALYSIS

This plan will have the same evaluation and trade-offsa as Plan 1.
The additional low-profile groin will compartmentalize the sandf ill and
also provide a fishing facility for sport fishermen that will outweigh any
adverse impacts due to its construction. According to park officials,
fishing at Sherwood Island is becoming increasingly popular, where as
there is very little clamming along the shoreline.

PUBLIC VIEWS

The majority of the public views expressed to date have been favor-
able with respect to the construction of this improvement. For additional
information, see Public Views and Responses Appendix.

PLAN 4

PLAN DESCRIPTION

This plan gives guidelines for managing the use of the backshore and
provides additional guidance to the State for future public participation
in water related activities. These activities include restricting the
number of beach users on peak days, designating certain areas for fishing,
erecting sand fencing, controlling access to designated areas, and
planting grass on the backshore dune. These activities will help the
dunes to grow and help to stabilize the backshore area. The dunes will
supply additional nourishment to the beach.

IMPACT ASSESSMENT

Offshore Impacts - There will be no additional impacts on the
offshore area with this plan. The offshore will be allowed to erode as it
is presently. Any possible effects on the oyster beds as a result of this
plan are presently occurring, and these effects will not be increased in
any way as a result of this plan.

Shoreline Impacts - There will be no additional impacts as a result
of this plan. The shoreline will continue to erode naturally at its
present rate, which will not only impact the West Beach but also the
offshore and adjacent areas.

Nearshore Impacts - There will be no new impacts on the nearshore as
a result of this plan. The material that is eroding will continue to be
distributed along the nearshore and could impact the marine life in that
area, although not significantly.
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Economic Impacts - This plan will allow the beach to continue to
erode naturally, resulting in the loss of land and a slight decrease in
the attendance. This decrease in attendance will not relieve the economic
pressure for useable dry beach space. However, the grass planting and
other management guidelines will help in the growth of the dunes. The
dunes will provide additional nourishment to the beach which will help to
slow down the rate of erosion. This slower rate of erosion will
eventually cause the beach area at the western end of West Beach to reach
a point of equilibrium. Although this point of equilibrium will not
supply the beach space necessary, it will give a little more additional
space than there would be if no Federal action were taken. (See Table 1
for economic benefits.)

EVALUATION AND TRADE-OFF ANALYSIS

The evaluation of this plan is limited to preservation of a 900-foot
section of backshore beach located adjacent to the existing Federal groin
structure. The plan will trap wind-blown sand and, by controlling the
access to the beach, allow new beach grass to grow and develop a backshore
dune. The dune will provide additional nourishment to the beach, which
will help to stabilize a small beach area. The trade-off would involve
the preservation of the backehore beach adjacent to the existing Federal
groin structure by preventing beach use in this area and encouraging dune
restoration. Although this useable beach bathing space would be lost,
this backshore area will provide a dune that will help to stabilize a
small beach area.

PUBLIC VIEWS

Public views expressed to date on this plan have been unfavorable.
This is mainly due to the fact that the much needed dry beach space will
not be provided by this plan.

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation - One hundred percent of the cost of the project is
allocated to the beach erosion control Improvements. There are no other
components in the Federal project beyond sandf ill and groin construction.

Cost Apportionment - The Federal Government is responsible for 100
percent of the study cost and 70 percent of the first cost of construc-
tion, Including final plans and specifications and 70 percent of all
future nourishment as required. Groin structure maintenance is a non-
Federal responsibility. The Federal cost including beach nourishment
cannot exceed $1,000,000 under the Section 103 program.

Non-Federal Responsibilities - This recommended Federal beach erosion
control study with Federal participation is subject to the conditions of
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non-Federal local cooperation as shown in the recommendations at the end
of this section.

COMPARISON OF DETAILED PLANS

The demand for recreational beach bathing apace during summer months
at Sherwood Island State Park has fluctuated over the years. As the dry
beach space decreased due to erosion of the beach, attendance decreased.
At this writing, the erosion of West Beach (see Plate 1-10) is becoming
even more serious. Due to this condition, four alternative plans of beach
erosion control improvements will be compared to the base condition. The
first three plans have one thing in common; they all require the placement
of suitable sandf ill that will supply the much needed dry beach space to
satisfy the ever growing demand at Sherwood Island State Park. The last
plan has no major recreational use benefits.

Plans 1, 2, and 3 - These three plans require the placement of
suitable sandf ill to enhance the recreational use of West Beach. Plan 3
is the only plan that utilizes an intermediate low-profile groin designed
to compartmentalize the placed sandf ill. The groin will not interrupt the
natural process of alongshore movement of material that nourishes the
down-drift beaches. Plans 1 and 2 do not contain the low-profile groin
structure, therefore, losses due to normal erosion will be high. Although
these plans both provide for sufficient beach use after construction and
satisfy the problem and opportunity statements, maintaining project
alignment would be necessary. Plan 3 combines all of the positive factors
of Plans 1 and 2. It further provides f or continuing healthful recrea-
tional beach use with only minimum periodic nourishment requirements.
This plan satisfies the planning objectives and benefit-cost requirements,
and complies with the planning constraints.

Plan 4 - This plan was developed as a shoreline management plan to
provide backshore protection to the western end of West Beach. This plan
will enable wind blown sand to be collected by the sand fences to later
serve as a source of sand for the beach during frequent storms. By
controlling the access to the beach, the dune will continue to grow and
eventually become stable. Beach attendance on West Beach will decrease
due to erosion until the point of equilibrium is eventually reached. The
continued regrading of the sand annually will provide a useable dry beach
bathing area in front of the dunes. This new dry beach area will
determine the maximum acceptable beach use of this section of Sherwood
Island State Park Beach. The benefits from this plan are not sufr-.!ient
to justify the construction cost. This plan also fails to conform the
requirements of the "problem and opportunity statements."

200



-- II

COMPARISON OF DETAILED PLANS

Table 1 compares the four considered plans of improvement in
detail. In developing this table, the costs and benefits are based on
current 1981 price levels. An interest rate of 7-3/8 percent was used
over the 50-year period of analysis.

Environmental Comparison - In evaluating and comparing the environ-
mental impacts of the four alternative beach erosion control plans, the
natural process and the preservation of the shoreline, offshore areas and
adjacent private shore were prime considerations. Plan I consists of the
direct placement of suitable sandfill, and Plan 2 is the same as Plan I
plus the lowering of the inner end of the existing Federal groin
structure. These plans would impact the nearshore and shoreline of the
proposed West Beach. The plans do not provide for a structure to reduce
alongshore losses, therefore, sand losses as a result of these plans will
be excessive and would impact the nearshore and shoreline areas. The
lowering of the groin would allow wind blown sand to nourish the down-
drift shore. These plans with their excessive losses would impact the
nearshore and backshore areas. Plan 3, although similar to Plans I and 2,
has an additional low-profile groiq structure to compartmentalize the
sandfill and reduce losses. The structure will impact a small part of the
nearshore area by permanently covering marine life under it. This area is
relatively small, and the covering of the existing marine life will be
offset by new species being attracted to the new structure. The construc-
tion of the structure will reduce the alongshore losses and reduce the
impact on the shoreline and nearshore areas.

Care and consideration will be given to all marine life during
construction. This will be done by placing a better quality of sandfill,
containing fewer fine materials, on the beach, which will reduce losses
from above normal wave action and will result in less marine life being
covered by sediments. During construction the rocky area fronting the
beach will be carefully delineated and care will be taken to minimize the
impact of placing sandfill in the nearshore area.

Plan 4 would have the least detrimental impact on the environment.
It provides primarily a nonstructural improvement and management measures
to retard the erosion of the western section of the beach. This plan does
not recommend any artificial improvement that could impact on the
environment.

Comparison Summary - Table 2, titled "Summary Comparison of Alterna-
tive Plans," is a general evaluation of considered plans of improvement
and includes "base condition" or present conditions, and "Without project"
or if no Federal work is done. The table represents an overview of the
determining factors in selecting the options of improvement for West
Beach. This is accomplished by displaying the significant beneficial and
adverse impacts. This system is used as a method for accurately evalua-
ting the analysis of a final decision.
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RATIONALE FOR DESIGNATION OF NED AND EQ PLANS

U Plan 3 of the four alternative plans is the plan that maxcimizes the
net economic benefits; therefore, it has been selected as the NED plan.
Plan 3 has three optional level beach berm widths. The last plan or the
plan with the 250-foot level berm width, is the most economically satis-
factory. The plan is optimized when the benefits of the total output of
each plan equals the economic costs of the plan.

Plan 4 of the four plans would help to slow down the erosion rate of
the western portion of the West Beach without creating any detrimental
environmental impacts. Since this slowing of the erosion would help to
preserve the environmental stability of this area, this plan is selected
as the EQ Plan.

RATIONALE FOR SELECTED PLAN

Plan 3, with a 200-foot level beach berm, is selected for implementa-
tion. It provides significant net benefits, gives the maximuma B/C ratio,
and the environmental impacts are not significantly greater than those of
Plans 1 and 2. Plan 3 will have a slightly greater impact on the
nearshore because of the additional groin, but will reduce alongshore
losses substantially by compartmentalizing the sandf ill. Plans 1 and 2
have no provisions for preventing these alongshore losses, therefore, the
periodic nourishment necessary to maintain shoreline alignment will be
significantly higher. Although Plan 4 will stabilize a small section of
the beach, it does not meet the present or future economic needs of the
park.

CONCLUS IONS

The proposed project has been reviewed and evaluated with the overall
public interest in mind. This review included an evaluation of all
pertinent data concerning the proposed plan of improvement as well as the
stated views of other interested agencies and the concerned public,
relative to the various alternatives in considering a beach erosion
control improvement along West Beach of Sherwood Island State Park,
Westport, Connecticut.

The possible impacts of the proposed alternatives have been studied
according to engineering feasibility, the environment, and economic
factors as they relate to the regional, and national resource development
and other social effects as they relate to the public interest. The
details of these issues have been stated in the forimulation of the plan of
improvement and can be found in other sections of this report.

In summary, substantial benefits are to be derived by providing a
recreational beach erosion control improvement at West Beach.
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CORPS OF ENGINEERS. NED

TABLE 2
SUMMARY COMPARISON OF ALTERNATIVE P

SHERWOOD ISLAND STATE PARK
WESTPORT, C O ECTICUT

ACCOUNT bASE CONDITION WITHOUT PROJECT

A. Plan Description

1. Major Features Base Condition No Action

2. Land Requirements

a. Recreational Area 200 acres Continuing loss
of land 200 acres

b. Temporary N/A N/A N/A

c. Permanent N/A N/A N/A

3. Existing Conditions

a. Level Beach Berm 100 ft. Continuing A
erosion

b. Beach Width Above MHW 100 ft. Continuing N/A
erosion

c. Park Facilities yes yes yes

d. Ownership state state state

(1) Federal N/A N/A N/A

e. Additional Land N/A N/A None
Requirements

f. Structures

(1) Federal

(a) Seawall no no no

(b) Groins 1 1 N/A

(c) Jetty no no N/A

(2) Non-Federal H/A N/A N/A



TABLE 2
_pARISON (F ALTERNATIVE PLANS
OOD ISLAND STATE PARK

&STPORT, (-ONNECTICUT

OIA #PLAN 2 'PLAN 3 p_,_,,,

200 acres 200 acres 200 acres 200 acres

N/A N/A N/A N/A

N/A N/A N/A N/A

N A N/A N/A N/A

N/A N/A N/A Ni4

yes yes yes yei

state state state state

N/A N/A N/A N/A

None None None None

no no no no

N/IA N/A N/A N/A

N/A N/A N/A N/A

NI/A N/A N/A NIA

*see Table 2 System of Accounts

for description of plans
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TABLE 2
SUMMARY COMPARISON OF ALTERNATIVE P;

SQ'ERWOOD ISLAID STATE PARK
WESTPORT, CONNECTICUT

PLA 1

ACCOUNT BASE CONDITION WITHOUT PROJECT

4. Considered Plans

a. Dry Beach Width Above NHW

1. 200 ft. Level Beach Berm N,'A N/A 275 ft.

2. 225 ft. Level Beach Berm N'A N/A 300 ft.

3. 250 ft. Level Beach Berm NiA N/A 325 ft.

4. Non-structural N/A N/A N/A

b. Structures N/A N/A None

c. Pcvctrecnts N/A N/A no

B. Impact Assessment

1. National Economic Development

a. 200 ft. Level Beach Berm NA. N/A

1. Total Annual Benefits "8" 71B,60

2. Total Annual Costs " $103,000

3. B/C Ratio 6,98

4. Net Benefits $615,600

b. 225 ft. Level Beach Berm NiA N/A

1. Total Annual Benefits to " $788,600

2. Total Annual Costs If " $168,500

3. B/C Ratio i f 4.68

4. Net Benefits $620,100
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TABLE 2
ARISON OF ALTERNATIVE PLANS

OD ISLAND STATE PARK

TPORT, CONNECTICUT

~'*P1 LAN 2 'LAN 3 *PLAN 4

275 ft. 275 ft. 275 ft. N/A

300 ft. 300 ft. 300 ft. N/A

325 ft. 325 ft. 325 ft. N/A

N,A N/A N/A 200 ft.

None * *. N/A

no

no 
no 

no

$719,600 $725,RnO $734,800 N/A

$103,000 $103,500 $ 95,000 N/A

6,98 7.01 7.73 N/A

$615,600 $622,300 $639,800 N/A

$788,600 $796,500 $805,500 N/A

$168,500 $169,000 $153,OGO N/A

4.68 4.71 5.26 N/A

$620,100 $627,500 $652,500 N/A

s see Table 2 System of Account.;

for description of plans 
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CORPS OF ENGINEERS. NED

TABLE 2
SUMMARY COMPARISON OF ALTERNATIVE P

SHERWOOD ISLAND STATE PARK

WESTPORT, CONECTICUT

ACCOUNT BASE CONDITION WITHOUT PROJECT

c. 250 ft. Level Beach Berm fI/A N/A

1. Total Annual Benefits $888,600

2. Total Annual Costs " $268,500

3. B/C Ratio t o 3.31

4. Net Benefits t" $620,100

d. Non-structural " N/A
2. Environmental Quality

a. Air Quality Moderate increase in

b. Archaelogical Properties none

c. Biological Resources Disruption of aquatic

d. Water Quality Temporary increase in

e. Noise Temporary increase in

f. Aesthetic Values Will be improved thro

3. Social Well-Being N/A N/A Temporary disruption

recreational opport.
4. Regional Development N/A N/A Reduce deficiency of

C. Plan Evaluation region. Increased c!

1. Conforms to Planning Constraints
and Concerns

a. Avoid Adverse Effects on Nearshore -

Fishing and Shellfish Area yes

b. Avoid Adverse Effects on Adjacent -
Shore Configurations yes

c. Plans that are Formulated Should not-
put Unreasonable Financial Burdens no

on the State
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TABLE 2
kISO OF ALTERNATIVE PLANS
) ISLAND STATE PARK
-oORT, COUNECTICUT

#PLANq 1 #PLAN 2 IPLAII 3 *P'LJ 4

$888,600 $897,500 $906,500 N/A

$268.500 $26Qfl00 $236,000 N/A

3.31 3.34 3.84 N/A

$620,100 $628,500 $670,500 N/A

N/A N/A N/A $4,000

Moderate increase in dust levels during construction.

none none none none

Disruption of aquatic ecosystem - destruction of benthic organisms by filling.

Temporary increase in turbidity during fill and construction phases.

Temporary increase in noise levels due to construction.

Will be. improved through project construction.

Temporary disruption of usual activity by construction activities. Increased beach
recreat-onal opportunities
Reduce deficiency of salt water recreational facilities in this metropolitan planning
regior. Increased commercial activities, local businesses, ant revitalizing old businesses

yes yes yes yts

yes yes yes yts

no no no

26



CORPS OF ENGINEERS. NED

TABLE 2
SUMMARY COMPARISON CF ALTERNATIVE F

SHERWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

ACCOUNT bASE CONDITION WITHOUT PROJECT

2. Achieves Planning Objectives and Goals

a. Provides a Safe Recreational Beach no no yes
Facility

b. Contributes to the Economic Strength no no yes
and Well-Being of the Area

c. Preserves the Environmental Quality of -ye
teAe _s yes yes

the Area

d. Contributes to the Stability of the Beach no no yes

D. Public Response

1. Plan Found Acceptable no no no

E. Implementation Responsibility ' 0 Plans 1 thru. 3,

Plans 4 B/

/



TABI E 2
COMPARISON CF ALTERNATIVE PLANS

IERWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

'LAI 1 *PLAN 2 V'LAN 3 *PLAN 4

yes yes8esn

yes yes yes no

yes yes yes yes

yes yes yes no

no no yes no

Plans 1 thru. 3, 70% Fedral Share and 30% Local Share
Plans 4 B/C Less than 1.0
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Table 2, Summary Comparison of Alternative Plans, is an overall
general analyalp relative to the plan selected. It presents the deter-
mining factors that underlie each final alternative plan by displaying the
significant beneficial and adverse impacts. This table is utilized for
the purpose of trade-off analysis and final decision making.

It should be noted that the proposed improvement would temporarily
disrupt the environment during construction. However, these impacts are
not considered significant and this is stated in the Environmental Assess-
ment and the Environmental Impact Statement. The most insignificant known
impact that would result if the plan is implemented was considered in our
determination; but due to the significant recreational benefits attributed
to this popular beach, it is concluded that the adverse environmental
effects would be more than offset by the improvement in the overall
economic growth of the region.

The proposed action, as developed in this report, is based on a
thorough analysis and evaluation of various practicable alternative
courses of action for achieving the stated objectives. Any adverse effects
or impacts on the environment and adjacent shores as a result of the
proposed improvement were evaluated based on current available
information. Whenever adverse effects were found as a result of a
proposed plan, the plan was either abandoned or evaluated based on its
merit in achieving the specified objective. The recommended action is
consistent with national and regional policies, statutes, and
administrative directives, and should best serve the intended use and
interests of the general public.

RECOMMENDED PLAN

The recommended plan of improvement for West Beach, Sherwood Island
State Park is Plan 3 with a 200 foot berm. It consist of beach widening
by the direct placement of a suitable sandfill along approximately 1,800
feet of shorefront providing a 200-foot level beach berm at elevation 12.0
feet mean low water and a 275-foot wide dry beach berm above the mean high
waterline. Also included is the construction of one low profile rock
groin structure located approximately 900 feet west of Sherwood Point,
designed to compartmentalize the sandfill; and the lowering of the inner
end of the existing Federal groin structure to elevation 13.0 feet above
mean low water. This plan will provide the needed backshore protection4 and dry beach space to satisfy the demand.

28



ENVIRONMENTAL ASSESSMENT

Small Beach Erosion Control Project
Sherwood Island State Park

West Reach
Westport, Connecticut

Prepared By

Department of the Army
New England Division, Corps of Engineers

Waltham, Massachusetts

July 1981

29

Ann.



I. Introduction.

Although It is sheltered from the direct influence of the Atlantic
Ocean by Long Island, Connecticut's coast is still subject to climatic and
oceanographic forces which can produce substantial physical changes In the
shoreline. Tides, currents, winds, and waves continuously alter the
coastline. Their Impacts are most pronounced following storm and
hurricane events. At Sherwood Island State Park erosion resulting from
these dynamic processes threatens a valuable public recreation beach.
This report will detail the proposed plans, of the cooperating Federal,
State, and local governments, to protect these crucial resources from
further damages due to flooding and erosion.

II. Description of the Project Area.

Connecticut's coastline forms the northern shore of Long Island
Sound, an elongated, estuarine embayment extending west-southwest to east-
northeast for 110 miles between New York City and Westerly, Rhode Island.
The shoreline can be geologically classified as a submerging coast of
glacial deposition. Land composed primarily of glacial deposits, termed
drift, is slowly being inundated by the rising sea at a rate of 0.3 feet
per hundred years. The current coastal configuration represents an
overall sea level increase of 33 feet in the past 7000 years.

Present-day coastal land forms are the result of glaciation, erosion
of the pre-glacial landscape, and associated re-deposition of glacially
eroded materials. The glacial deposits, called till, compose most of the
State's coastal headlands, although some outcropping of bedrock can be
found. Erosion with accompanying deposition of sediment from the more
easily eroded drift deposits is the major natural source of beach sand.

The town of Westport, wherein the affected properties lie, is located
on the western section of the Connecticut coast, approximately 50 miles
east from New York City, in Fairfield County. The protected area
encompasses 1,800 feet of beachfront extending from Sherwood Point to an
existing impermeable rock groin at the western end of the park. The area
is predominately a narrow barrier beach composed of coarse sands, gravel
and cobble.

1. History of Sherwood Island State Park.

a. General. The Sherwood Island area of Westport has a rich history
dating back to colonial times. The island itself was named for the famed
Sherwood Forest in England when Alice and Thomas Sherwood emigrated to
America from their home there approximately 300 years ago. A tide mill
vas erected in this historic area around 1705. Until it burned in 1896 it
provided power to grind kiln-dried corn prior to Its shipment to the West
Indies.
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Sherwood Island State Park has the distinction of being the first
park ever acquired by the State Park. and Forest Commission. in 1914, the£ State purchased fiv, acres of land with some shore frontage on Alvord
Beach (presently East leach) for possible use as a Federal hydroplane
station. This plan was abandoned, however, and the State continued to

j purchase parcels of land on the island to consolidate Its holding funded,
in part, by a special appropriatidn of $5,000 from the general assembly in
1917. In the 1930's, the Elwood Farm and some twenty private residences
in the central portion of the island were acquired and demolished,
expanding the park and allowing additional access to the beaches. A lack
of facilities and parking space and the difficulty of regotiating the ford
across present-day Burial Hill Creek, limited the utilization of the park
during these early years.

b. State Park leaches. Man's activities in this area have substan-
tially modified the environment of the beaches in the project area. The
shoreline flanking Sherwood Point to both the east and west originally
consisted of narrow barrier beaches of mixed sand and gravel. Within the
tidal range, the beaches consisted entirely of shingles and cobbles, but
beyond low water the bottom was fine sand.

Hant's first activity in this area was a proposed Federal beach
enrichment and protection project, resulting from an Army Corps of
Engineers' Beach Erosion Control Report in 1949. It consisted of (1)
artificial placement of sand along the entire shore of the park to create
a beach 150' wide at mean high water, widened to 250' at Sherwood Point,
(2) construction of an Impermeable 500' rubble groin at the west limit of
the park and (3) construction of 2 sheet steel and timber training walls,
400' and 500' long, to itabilize the creek at the east end of the park.
The widening at the point would act as a stockpile to feed the beach areas
to the eat and west and the groin and training walls would catch and hold
littoral drift material. This plan of improvement was Implemented; the
groin Was built in October 1956, the training walls in February 1957, and
the sandf ill was placed the following June by hydraulic dredge from a
borrow area 1,000 feet offshore of the point.

The results of this nourishment project can be ascertained by a
comparison of shoreline configurations from before and after the action.
The mean high and low water lines were surveyed In 1955 and again in 1957
by Clarence Blain Associates. Prior to construction in 1955, the average
beach width of West Beach was 20 feet throughout. In 1957, it had
increased to 150 feet at the western extremity and 230 feet at the eastern
end.

Between 1957 and 1971 erosion was occurring reducing the size of the
stockpile at th~e point and substantially lowering beach elevation through-
out the State park. This phenomenon can be examined by exploring the
shoreline changes revealed in the newer high and low water line survey
conducted by the Army Corps of Engineers in 1971. The major losses of
material between 1957 and 1971 occurred between mean high and low water
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lines. At West Reach in 1971, the beach width was 260 feet at the vest
and and 180 feet at the east end, reflecting severe erosion of eastern
portions and accretion in western portions behind the groin.

In November 1974, the Army Corps published a detailed report finding
the existing beach had been overtopped during frequent severe storms and
that beach elevation had been substantially lowered along a major portion
of the shorefront. The beach conditions, detailed In the study, revealed
that sand beach existed only above high water at the eastern and western
extremities of the park. Below high water was a mixture of fine sand,
cobble, stones and pebbles. Toward the point, the beach was very rocky
throughout.

In 1975 a project was proposed by the State which Involved a 250 foot
extension to Sherwood Point, using 23,500 cubic yards of armor stone care-
fully placed to form a stable revetment-type structure to protect the
point from severe erosion which was threatening the septic fields fronting
the pavilion. The existing westerly groin would be raised 9 feet by the
placement of 11,500 cubic yards of stone and tied Into the dune to the
rear, which was proposed to be restored, work was initiated during the
winter of 1975, but construction was halted early in 1976. Approximately
90% of the point revetment was completed and 40% of the material
comprising the raising of the west groin was in place when construction
was halted.

The effects within the State park of the 1975 modification can be
discovered through a comparison of the 1971 survey with a subsequent
suorvey completed in 1979 by Flaherty and Giavara. The survey showed that
West Beach is subject to erosion and deposition which has been accelerated
by the amoring of the point and the raising of the groin. Near the point,
the mean high water and low water lines have retreated 100 feet and 50
feet respectively since 1971. This erosion is accompanied by increased
accretion in the western portion of the beach.

c. State Park - West Beach. The West Beach of Sherwood Island State
Park extends west-northwesterly in a slightly curved conformation, for
roughly 2,400 feet from Sherwood Point to the terminal groin. The eastern
portion is backed by a scarp of till which Is grassed over and forms the
margin of the park's picnic area. The much wider, western sector is
backed by sand dunes of medium to coarse sand, which were restored as part
of the 1976 park Improvements.

The two portions of the beach are subject to vastly different dynamic
coeditions as a result of beach orientation and the effects of the termi-
"Il structures at either end. The eastern section Is subject to severe
erosion because the direction of wave attack normally results In a rapid
tranaport of beach material from east to west and the re-armored point
cuts off sources of sediment on adjacent eastward beaches. The western
section Is an area dominated by accretion as the terminal groin impounds
this westward moving sand.
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The present configuration of the western terminal groin is the result
9 of both its initial construction in 1956 and the partially completed

alterations of 1976. This 500 foot long impermeable rubble groin was
Initially built to an elevation of 12 feet above mean low water at the
landward end, sloping to 4.5 feet above mean low water at the seaward
end. The 1976 project to raise the groin 9 feet was halted before comple-
tion with only the section above mean low water being elevated. The
height of this inboard section presently varies from 15 to 17 feet.

The eastern half of the beach itself has a very narrow backshore
composed of medium sand and cobbles. The upper foreshore of this section
is predominately gravel and cobbles and slopes toward low water at an
average gradient of 1:20. The flat lower foreshore is almost completely
covered by cobbles with only minor areas of fine sand.

In contrast, the western half of this beach is generally composed of
sand throughout. Medium to coarse sand compose the wide backshore and
upper foreshore, which has gentle slopes averaging 1:20. The flat lower
foreshore consists mainly of fine sand.

d. Flora and Fauna. As is the case with most dynamic sandy beach
environments, resident flora and fauna are extremely rare on the foreshore
and backshore areas of the beach. The physical stresses of breaking
waves, shifting sands and rising and falling tides, along with the
extremes of heat and desiccation from the sun at low tide to the
inundation of saline water at high tide, and other variable factors make
these beaches an inhospitable environment. The eastern end of this beach,
being quite rocky could provide a habitat for those types of mollusks
which can attach to the rocky substrate and survive the extreme rigors of
the environment. Prominent examples being the periwinkles and mussels.

There have been no studies previously performed to document the
floral and faunal species which inhabitat this specific region of Long
Island Sound. What follows is a brief description of the general types of
organism likely to be present in the imediate offshore area.

Various species of shellfish are common to this area of Long Island
Sound. The different varieties are most usually found associated with
their particular preferred habitat. Eastern oysters (Crassostrea
virginica) and blue mussels (Mytilus edulis) require a solid substrate for
anchorage and are found in the rocky portions of the project area. Hard-
shell clam (Mercenaria mercenaria) are buried near the surface in sandy
or muddy bottom of quiet areas. Soft-shell clams (Mya arenaria) are
buried deeper in muddy bottom. Oyster drills and whelks prey upon other
species of mollusks. Other species that may be found scattered throughout
the area include razor clam, barnacles and chitons. The project area is
not an important breeding ground for any finfish species, nor do anadro-
mous fish make any spawning runs in the area.
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None of the species in the project area are considered to be rare or
endangered. In fact, they are commonly found in similar habitats through-
out Long Island Sound. Nor are they present in sufficient numbers within
the cove to make commercial utilization feasible. For example, the leased
shellfish beds do not extend into the cove. The rocky substrate required
by the eastern oyster exists in only widely scattered portions of the
cove, near shore.

a. Recreational Environment. Sherwood Island State Park is the
major saltwater swimming facility on the westarn end of Long Island
Sound. The parks receive heavy recreational use due to Its location in
the highly populated Fairfield County, just 50 miles east of New York
City.

The park encompasses 200 acres and presently has parking spaces for
approximately 5,000 cars. Northwest of West Beach Is a large picnic
grove. This 6 acre wooded picnicking area, containing mostly oaks and
hickories, has scores of tables and fireplaces. To the west of this grove
are a first aid station and bath houses.

f. Dhysical Environment.

1. Wind and Waves - Wave analyses of the project area have been
performed by both Flaherty and Giavara and the Army Corps of Engineers.
By using inputs of data on prevailing wind directions and speeds and fetch
distances, the height direction and effects of storm produced waves can be
calculated.

The study area has significant exposure to wave approaching from
the east through southwest. Easterly approaching storm waves produce
strong westward littoral movement on the State park beaches, particularly
from the point and along West Beach. With a southeast direction of
approach, the resulting littoral transport is still quite strongly
westward along West Beach and the point.

2. Tides and Currents - The normal tidal range within the
project area is 7.0 feet above mean low water; the spring tidal range is
8.0 feet. An ordinary storm event, occurring with a frequency of slightly
more than once a year, produces a storm surge of 10.0 feet above man low
water. Either a hurricane or a slow moving, easterly storm, that stalls
off the east entrance of the Sound, can produce a storm surge several feet
higher than this on infrequent occasions. The highest tide on record was
experienced during the hurricane of September 1938, which generated a
storm surge of 13.7 feet above mean low water.

Off Sherwood Point, there is a strong westward-directed current
with speeds of 0.7 to 1.0 feet per second during flood portion of the
tidal cycle. The current is not strong enough to initiate motion of
bottom sand, but it Is capable of transporting sand which has been placed
into suspension by waves.
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III. Need for Action.

Presently West Beach is undergoing an average loss of four feet per
year of landward retreat which is limlting the recreational use of the
beach. This is especially true of the eastern section of West Beach where
rocky conditions preclude safe swimming in that area.

Control of beach erosion and reversal of the losses and damage
sustained by West Beach of Sherwood Islav4 State Park will involve two
types of action. First, approximately 90,000 c.y. of fill material will
be placed along West Beach. The underlayer of sand may be dredged from
Compo Cove. This sediment Is composed of naturally occuring sands which
will be analyzed by the State of Connecticut. If this sediment is found
to be compatlable it will be used in conjunction with a suitable commer-
cial land source which will form a 6 ft. layer above the material from
Compo Cove. If the material from Coupo Cove is found unsuitable then all
the needed sandfill will be obtained from a clean commercial land source.

The project also calls for the landward end of the existing Federal

groin, located at the western limit of the proposed improvement area, be
lowered to allow wind blown sand to move along the beach. An additional
low profile groin will be constructed between the west limit of the study
and Sherwood Point. The materials for the groin will be clean and
obtained from a nearby comercial land source.

IV. Environmental Impacts.

The project as proposed will have only minimal temporary impacts to
the local aquatic environment. No significant or persistent adverse
Impacts are expected for several reasons.

a. Fill ateritl. The fill material will be clean, free of any
harmful contaaiiWats and composed of naturally occurring sands from Compo
Cove, and/or material obtained form a suitable nearby commercial land
source. The material from Compo Cove will be used as an underlayer for

West Beach only after It is analyzed by the State of Connecticut and
determined to be clean and of a compatible grain size to the existing|
sediment on the beach. A clean conercial land site will also be needed

to either supply the entire fill material or enough to construct a 6 foot
layer above the material from Compo Cove. The comercial material will be
of compatible grain size, color and free of all harmful contaminants.

b. General Construction. During the five months of West beach
rebuilding activity, construction noise will disturb the beach and
surrounding areas, recreational use of the beach will be Impeded, some
equipment related air emissions will occur and energy will be consumed in
operating the equipment. Changes in the project area will include the
loss of som areas of hard bottom, both Intertidal and subtidal which may
be inhabited by oysters and mussels.
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Noise will be generated by both the dredging equipment and trucks
transporting sand. Mechanical dredging would produce more noise than
hydraulics. Depending on the source of fill, trucks my be transporting
cove-erived sand or fill from outside sources. In either case, the use
of trucks Is necessary. However, as not all beach segments will be worked
on simultaneously the maximum noise level experienced at any one receptor
location will not be continuous nor will It last the entire five month
construction period. All construction noise will terminate with the
project's completion.

Recreational use of the beach will be hindered during the construc-
tion period. Access along the beach will be reduced by the presence and
operation of heavy equipment and by a non-continuous beach surface. The
scheduling of the project for late winter and early spring will reduce the
Importance of these Impacts. As with other construction impacts, this one
will terminate when construction is complete.

Emission of air pollutant. attributable to this project will be both
Insignificant and temporary. In addition, were the project not to take
place, much of the equipment used would be employed elsewhere. Therefore,
the emission impacts would not be negated.

Energy consumed In the project will also be a temporary Impact.
Although the amount of fuel consumed by the truck and dredge is large, it
will not represent any strain on local fuel supplies nor cause any price
or demand aberrations in the area.

One final project cost will be the destruction of both hard-shell and
soft-shell clams living in the potential borrow area. A biological survey
of the borrow pile found both varieties of clams to be present in
Insignificant numbers. These species are not uncommon and are found on
adjacent tracts.

c; Impacts of Groin Construction. Disturbance of the beach environ-
ment as It affects both passive and active recreational pursuits Is the
most obvious result of the construction activity. Use of the beach Is
effectively denied during the period of the placement of fill and erection
of the groins. Scheduling of work for late vinter and early spring will
minimise but not eliminate these conflicts.

A a temporary construction Impact unavoidably Inherent in the
placing of the groin stones on the sandy bottom material, certain amounts
of bottom material will be disturbed and suspended In the building of the
groin. This material should settle out rapidly after each Individual
placement.

Imobile organisms may be buried or suffocated If a sufficient
thickness of sediment is deposited from suspension. The survival of
oyster and clam larvae can also be affected by siltation. A late winter

time frame for implemetation will avoid the larval period for local
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shellfish. Impacts on the adult population will be minimal due to the
location of the groins outside of the oyster bed areas and the mll
travel distance of suspended sediments.

Certain results of the presence of the groins are long term Impacts.
The conversion of the areas upon which the groins rest from soft bottom to
hard bottom is such a result. Burrowing species will lose this amount of
ares while benthic organism will gain a much larger amount of surface
area due to the irregular surfaces of the groins. The new hardrock
surfaces created by the groins both in the intertidal and subtidal zones
will compensate for similar habitat covered by the sandfill placement for
the pocket beach.

Increased access for fishermen will be another long term Impact of a
groin construction. This will accure chiefly through the West Beach groin
because of private ownership. By Corps estimates, a minimum of 2,500
fisherman/day of annual use can be expected.

Access along the beach will not be impaired by the groins. The groin
will be tied into the beach berm elevation at its inboard end to provide
for an uninterrupted profile to enhance both appearance and access.

d. Impacts of Dredging. The dredging of Coupo Cove, if this option
is used, will provide a portion of the sandfill to be used for beach
nourishment will result in both short and long term impacts to the
environment. Temporary impacts include increased turbidity in the waters
in the vicinity of the active dredging operation, which will affect the
water chemistry and neighboring flora and fauna. More permanent impacts
are the loss of organisms in and around the borrow area.

Within and immediately surrounding the borrow area, the temporarily
increased turbidity will have short-term impacts. Light penetration into
the water column will be reduced, lessening photosynthetic activity.
Increased nutrients, resulting from reauspension of organic material, will
be used as an energy source by detritus feeding organisms. These pheno-
mesa may cause a brief decrease in dissolved oxygen levels in surrounding
waters. The replenishment of oxygen saturated water through constant
mixing of the water column by dredging activity will minimize any
dissolved oxygen reductions.

The temporarily increased turbidity will have varied effects on the
flora and fauna In the area. Suspension filter and deposit feeding
beathic fauna in the area of the dredge-induced plume may be affected as
sediments settle and siltation occurs. The respiratory and digestive
mechanisms of such organisms ay become clogged by sediment particles. In
the immediate vicinity of the dredge site, some organism, my be totally
buried. Some organism*, such as mussels and barnacles, cease feeding to
protect themeelva during adverse conditions, including elevated levels of
suspended solids. This type of sessile species would be affected only by
a sore prolonged period of increased turbidity. Despite a brief period of
reduced photosynthesis, any affected flora will not be permanently harmed.
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With regard to the fish commnity of the area, turbidity associated
with the dredge may have the proximal effect of causing the fish to move
away. A return to the area would quickly occur following abatement of
the turbid conditions. On the other hand, some fish are likely to be
attracted into the sediment plume to feed on resuspended benthic animals
and detritus. Any healthy finfish should not be harmed by temporary
increases in suspended solids.

A more permanent impact of the dredging operation will be the loss of
some organisms within the borrow area. Immobile or slow moving species
can be destroyed by being excavated along with the dredged sediment or by
being buried. The chief loss will be that of soft-shell and some hard-
shell clams. Rowever, even In this case, the total number killed will not
be substantial. Dredging will not continue to depths greater than 3 feet;
the substrate of the newly created bottom will be essentially the same as
that which presently exists. Repopulation of the area by colonization
from nearby communities is expected to occur rapidly.

e. Impacts of Beach Nourishment. The environmental impacts of the
direct placement of sandfill on the beach of the project area, while sub-
stantial, are not expected to be significantly adverse. Some habitat
alteration, increased turbidity and organism destruction will occur, but
these impacts will be far out weighed by Increased social benefits to be
derived from the improved beach.

Essentially, the nourishment will cover over the existing beach and
intertidal habitats along Sherwood Island West Beach. Impacts to existing
sandy areas will be virtually nonexistent. These areas are typically
devoid of any population of organism, although some widely scattered
clams may be found. The newly created habitat will have a substrate of
similar characteristics. This will result from the use of sandfill
compatible with existing beach sands. It will be predominantly sand which
Is of similar size (medium to coarse grained with relatively few fines)
and chemical composition to the existing sand and will be free of
contaminants. In fact, that portion of sandfill dredged from Coupo Cove
is probably, for the most part, sand which was originally used for beach
nourishment in 1957.

There will be, however, Insignificant impact to rocky beach and
intertidal areas such as those which exist along the eastern portion of
West Beach. Existing slow moving or Immobile organisms will be lost to
burial and their habitat will be eliminated. Rocky beach and intertidal
areas, generally a suitable habitat for various species of shellfish,
algae and other benthic organism, will be replaced by a substrate of
medium to coarse sand, which will not support a productive biologic
community in the intertidal and beach areas.

lowever, this lose of productive rocky intertidal and submerged
habitat will be offset by construction of a groin. The rocks and sand
interface of the groin will provide suitable replacement habitat for the
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types of organim which formerly Inhabited the lost rocky area. These
new habitats will be quickly colonized by organisms relocated from nearby
communities. In fact, the project could increase diversity and biomass by
providing a rock/sand interface, while also providing a more stable
environment along the shoreline by decreasing erosion.

In general, the loss of the numbers and types of organisms present in
the rocky Intertidal and beach areas is not considered to be significant.
These types of biological cosnmmities are found on many rocky beaches
throughout Long Island Sound. In fact, these commnities are naturally
ephemeral, being subject to ice scour during winter and threatened by the
shifting sands of the present unstablized beaches. Thus, these areas
cannot be considered to be Ideal locations for thriving shellfish commu-
nities.

f. Restore Valuable Recreational Area. Sherwood Island State Park
receives substantial usage, in excess of one million visitors annually.
In a State with as severe a shortage of public saltwater recreational
capacity as Connecticut, it is essential that the existing available
saltwater facility be preserved and used to the maximum degree that
efficient management will allow.

With the Implementation of the project approximately 500,000 square
feet will be added to this area. This will increase the physical capacity
of the beach by 6,700 people. This all translates to a value of $15,400
in increased recreational capacity at Sherwood Island State Park on each
occasion when the Improvements are use to their optimum capacity.

Also Implementation of this project will ensure safe swimming condi-
tions at the eastern section of West Beach. This area is currently
composed of a rocky surface, due to erosion, which creates a dangerous
environment for recreational swimmers.

V. Alternatives.

There are four proposed plans of action currently being considered
for Sherwood Island State Park West Beach. Three of the alternatives
involve beach widening with suitable sandfill.. They also Involve lowering
the existing groin along with construction of an Intermediate low-profile
groin. The fourth plan is a shore management plan.

Plan I involves beach widening, to a level beach berm width (200,225

or 253 eet), by the direct placement of suitable sandfill along approxi-
mately 1,800 feet of shoreline extending east from the existing Federal
groin strutcture.

Plan 2 consists of beach widening to a level beach berm width
(200,225or 250 feet) and lowering the landward end of the existing groin
structure located at the west limit of the study area.
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Plan 3 Is the favored alternative. It Involves beach widening to a
level beach berm width (200,225 or 250 feet), lowering the landward end of
the existing groin structure,, and placing an Intermediate low-profile
groin structure between Sherwood Point and the wet limit of the study

aePlan 4 gives guidelines for managing the use of the backhore and
provides guidance to the State for future public participation in water
related activities. These activities Include restricting the number of
beach users on peak days, designating certain areas for fishing, erecting -

sand fencing, controlling access to designated areas, and planting grass
on the backshore dun*. These activities will help the dune to grow and
help to stabilize the backahore area. The dunes will supply additional
nourishment to the beach.

No Federal action means that the State will continue to regrade the
beach. This alternative would cause tLhz eventual loss of a recreational
area. Presently the eastern section of Vest Beach is severely eroded. It
consists of a rocky terrain which has become very hazardous to
recreational swimmers and sunbathers. Without the Implementation of some
plan of action, West Beach will continue to deteriorate until this
recreational facility Is lost.

VI. Coordination.

The Corps of Engineers has held meetings with a variety of organiza-
tions and agencies from local, State and Federal levels. These meetings
have served to supply Information for the study and to Inform the
different organizations as to the nature of the project. This coordina-
tion will be continued up through the time of project implementation.

The Corps of Engineers Implemented a walk/talk program on West leach
to encourage local participation In the project. This program provided
first hand Information on the proposed Improvements. Also a public work-
shop was set up at West Beach which provided additional information on the
project as well as visual aids pertaining to the project area.

The proposed action, according to Connecticut officials working on
the project, Is consistent with all the applicable State policies and
pleas, Including the Counnecticut Coastal Management Program, the State
Conservation and Development Policies Plan and the State Comprehensive
Outdoor Recreation Plan.

Coordination with the Federal agencies has also occurred. The Corps
bee received coments from the Environmental Protection Agency, the Fish
and Wildlife Service and the National Mesrino Fisheries Service concerning
the shellfish resources off of West Beach. Mr. Charles Vcilivee the
Westport, Connecticut Shellfish Officer stated that Vast Beach contains a
negligible amount of clams and Is not considered a viable shellfish
reeeafte to the twn. He further stated that the fewu clams present are
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undersized and are not utilized. It was also determined that the oyster
leases offshore would not be affected by the proposed project according to
one of the offshore leasees.

Federal Environmental Statutes

1. Archeological and Historic Preservation Act, as amended, 16 U.S.C. 469
et e.

Coordination complete with State Historic Preservation Officer. No

effect.

2. Clean Air Act, as amended, 42 U.S.C. 7401 et seq.

Not applicable.

3. Clean Water Act (Federal Water Pollution Control Act), as amended, 33
U.S.C. 1251 et seq.

In compliance. 404 Evaluation Report issued.

4. Coastal Zone Management Act of 1972, as amended, 16 U.S.C. 1451 et

In process of compliance.

5. Endangered Species Act of 1973, as amended, 16 U.S.C. 1531 et M.

None identified.

6. Estuary Protection Act, 16 U.S.C. 1221 etAn.

Not applicable.

7. Federal Water Project Recreation Act, as amended, 16 U.S.C. 4601-12 et
rns

8. Fish and Wildlife Coordination Act, as amended, 16 U.S.C. 661 etjM_.

Process continuing. Planning aid letter received.

9. Land and Water Conservation Fund Act of 1965, as amended, 16 U.S.C.
4601-4 st .

Not applicable.

10. Marine Protection, Research, and Sanctuaries Act of 1972, as amended,
33 U.S.C. 1401 est! .

Not applicable.

0
41

- ... .. . i,, m m . .



11. National Historic Preservation Act of 1966, as amended, 16 U.S.C. 470

Compliance completed with State Preservation Officer.

12. National Environmental Policy Act of 1969, as amended, 42 U.S.C. 432

at .

Issuance of State Environmental Report and review will constitute
compliance.

13. Rivers and Harbors Appropriation Act of 1899, as amended, 33 U.S.C.
401 et e.

Not applicable.

14. Watershed Protection and Flood Prevention Act, as amended, 16 U.S.C.
1001 et se_.

Not applicable.

15. Wild and Scenic Rivers Act, as amended, 16 U.S.C. 1271 et seq.

Not applicable.

VII. Conclusion.

It is evident that the proposed Small Beach Erosion Control project
posess no significant impacts on the environment that would warrant the
writing of a formal Environmental Impact Statement for the following
reasons.

a. Sherwood Island State Park West Beach is currently experiencing
erosion especially to its eastern end. The placement of clean sandfill
material of a suitable size will improve the aesthetic value and provide
additional dry beach space thus increasing its recreational capacity.

b. The turbidity associated with this project will be minimal due to
the fact that the material to be used is composed of medium to fine sand
grain.

c. There are a few organism that possess the ability to inhabit
rocky areas such as the eastern portion of West Beach. However, this loss
of productive area will be offset by construction of a groin. This area
will provide a suitable replacement habitat and will be colonized by
organism relocated from nearby comunities.

Therefore, the erosion control project of Sherwood Island State Park
West Beach would exhibit minimal adverse effects on the environmaet. The
proposed project would have beneficial effects for the patrons of this

beach.
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Finding of No Significant Impacts

The proposed Small Beach Erosion Control Project at Sherwood island
State Park West Beach, Westport, Connecticut, will provide for the place-
ment of 90,000 cubic yards of clean sandfill as veil as the placement of
a rock groin structure for the purpose of erosion control.

The impacts associated with this project are threefold. First a
recreational beach of sufficient size will be created and maintained.
Second, there will be insignificant impact to the rocky beach and inter-
tidal areas such as those which exist along the eastern portion of West
Beach. Existing slow moving or immnobile organisms will be lost to burial
and their habitat will be eliminated. Rocky beach and intertidal areas,
generally a suitable habitat for various species of shellfish, algae and
other benthic organism, will be replaced by a substrate of sand. The
rocks and interstices of the groin will provide suitable replacement

habitat for the types of organisms which formerly inhabited the lost rocky
area. Third, the amount of turbidity will be small and thus its effect
on the oxygen level and photosynthetic processes of plankton will be
insignificant. (See Assessment, Section IV, page 35.)

The Army Corps of Engineers has made the determination that the
proposed Small Beach Erosion Control Project will not have any significant
impacts which would necessitate the preparation of an Environmental Impact
Statement.

DATE C. E. EDGAR, III
Colonel, Corps of Engineers
Division Engineer
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April 1981
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Section 404(b) Factual Determination
_ _ and Finding of Compliance

Beach Erosion Control for Sherwood Island State Park
Westport, Connecticut

1. References

a. Section 404(b) of Public Law 92-500, Clean Water Act
b. 40 CFR Part 230. Subparts B, C, D, E, F, G and H, dated 24 December

c. EC 1105-2-90 Appendix C, dated 8 May 1979

The Proposed Project

Approximately 90,000 c.y. of fill material will be placed along the West
Beach of Sherwood Island State Park. Present plans call f or a portion of the
fill material to be composed of naturally occurring sands dredged from Compo
Cove, located immediately west of ;, beach area. Sediment and grain
size analysis will be performed by the State of Connecticut to insure cove
material is suitable for placement on the beach. Material obtained from the
cove will be covered with an additional 6 ft. of suitable sand from a clean
commercial land source.%~ If material from the cove proves to be unsuitable for
placement on the beach, all needed sand would then be obtained from a clean
commercial land source.

The landward end of the existing Federal groin, located at the western
limit of the proposed Improvement area, will be lowered to allow wind-blown
sand to move along the beach. An additional low profile groin will be
constructed between the west limit of study and Sherwood Point. Construction
material for the groin will be clean and obtained from a near-by commercial
land source.

3. Project Authority

* Investigations for providing beach erosion control along West Beach,
Sherwood Island State Park were authorized by a resolution adopted by the
Senate Committee for Public Works on 15 May 1968.

4. Environmental Concerns

The project as proposed will have only minimal temporary Impacts on the
* local aquatic environment. No significant or persistent adverse Impacts are

expected for several reasons.

a. Fill material will be clean, free of any harmful contaminants and
composed of naturally occurring sands from Compo Cove and/or material
obtained from a near-by commercial land source.

b. Impacts associated with construction including Increased turbidity,
reduced light transmission and lowered photosynthetic rates are expected to be
temporary since materials with large particle sizes such as sand settle
rapidly when disturbed or discharged. Again because of the larger particle
size of sand, all fill material will be free of contaminants that would
adversely affect the local environment or render the beach unsuitable for
recreation.
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c. All fill material will be compatible with existing sediments. This
will allow the present biological community to begin reestablishment shortly
after construction is completec.

d. While construction activities are expected to destroy benthic
organisms inhabiting the immediate work area both in Compo Beach cove and
along West Beach, no known significant fish or shellfish resources would be
affected by the project.

e. Construction of the low profile groin, while removing some intertidal
and subtidal habitat, will provide a rock/sand interface with greater surface
area suitable for colonization, thus allowing greater biological diversity and
biomass.

f. Construction will allow continued use of a valuable recreation area.

5. Restrictions on Discharge (Section 230.10)

No practical or economical alternatives which would be capable of

achieving the basic purpose of the proposed project exist. A "no action"
alternative is not by definition practical since this would allow continue
erosion of a public beach, and result in its eventual loss.

6. Find of Compliance (SdLtion 230.12)

a. On the basis of these guidelines (subparts C through G) the proposed
disposal site for the discharge of fill material has been specified as
complying with the requirements of these guidelines.

b. The factual determinations required by Section 230.11 are presented on
page 48.

7. Conclusions

Determinations

a. An ecological evaluation has been made following guidance in 40 CuR
230 Subparts B, through G. An addition, Subpart H was reviewed to determine
applicability to the proposed project.

b. Appropriate measures have been identified and incorporated in the
proposed plan to minimize adverse effects on the aquatic environment as a
result of the discharge (See Environmental Impact Evaluation prepared by
Connecticut Department of Environmental Protection, a separate document.

c. Consideration has been given to the need for the proposed project, the
availability of alternate sites and methods of disposal that are less damaging
to the enviroment, and such water quality standards as are appropriate and

applicable by law.
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d. In order to provide beach erosion control along West Beach, clean fill
will be placed in and along the shoreline.

Findings

The proposed discharge site for the proposed beach erosion control project
located at Sherwood Island State Park West leach has been specified through
the application of Section 404(b) Guidelines.

The project files and Federal regulations vere reviewed to properlyevaluate the objectives of Section 404 of Public Law 92-500. A public noticewith respect to the 404 Evaluation will be issued accompanying this document.Based on information presented In the 404 Evaluation, I find that the projectwill not result In unacceptable impacts to the environment.

Date C.E I
Colonel, Corps of Engineers
Division Engineer
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Factual Determination
of

Potential Effects from the Proposed Discharge of
Fill Material along West Beach, Sherwood
Island State Park, Westport, Connecticut

230.11(a) Physical substrate determinations

Characteristics of the substrate at the proposed disposal site will
not be significantly altered by the proposed construction. Fill material will
be predominantly sand and compatible with the existing beach. A portion of
this material will be obtained by dredging Compo Cove, which has shoaled
in over the years, with the remaining clean sand obtained from a near-by
commercial land source.

Construction of a low profile groin will convert the existing sandy
substrate to one of rock. The resulting rock/sand interface is expected to
provide a more stable and diverse habitat for benthic organisms and should
result in increased biomass.

(b) Water circulation, fluctuation, and salinity determinations

Current patter 1f, circulation and normal water fluctuations will
not be altered in such a manner as to result in adverse affects to the
environment. Construction of the low profile groin will in fact interrupt the
long shore net movement of both water and sand along West Beach. However,
this should be considered a positive impact since erosion should be signifi-
cantly reduced, both insuring the integrity of beach restoration and providing
a more stable habitat for benthic organism residing along the shoreline and on
the groin itself.

Due to the large particle size of the fill material and the fact

that such material will be free of contaminants, impacts on water chemistry,
salinity, clarity, color, odor, taste, dissolved gas levels, temperature
should be minimal, if any occur at all.

(c) Suspended particulate/turbldity determinations

Some temporary minimal increase in ambient suspended particulate
and turbidity levels is expected as a result of construction. Since sand
settles rapidly, no problems are expected. And since surf zones are areas of
high energy and have naturally high suspended sediment loads and turbidity
levels, it is possible increased levels due to construction will not be
discernable.
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(d) Contaminant Determinations

All material proposed for discharge will be clean, obtained fromI ' either naturally occurring sands or from a commercial source and will be free
of harmful contaminants that might* adversely Impact the aquatic environment or
render the beach unsuitable for human use.

(e) Aquatic ecosystem and organism determination

Slow moving or immobile organisms inhabiting the immediate
construction area are expected to be destroyed. Widening the beach will
extend seaward the tide line, effectively removing once intertidal substrate
from the aquatic environment. Nowever,once construction is completed the
"new" Intertidal area will be suitable for establishment by the previous
community with nearby communities providing recruitments for colonization. In
addition, construction of a low profile groin should increase diversity and
biomass by providing a rock/sand interface while also providing a more stable
environment along the shore line by decreasing erosion.

(f) Proposed disposal site determinations

Not applicable. This section addresses the acceptability of and
Impacts associated with mixing zones. Mixing zones apply to open water
disposal techniques. No open water disposal of fill material will occur In
conjunction with the proposed project.

(g) Determination of cumulative effects on the aquatic ecosystem
(1 and 2)

Except for the periodic beach nourishment that has taken place at
Sherwood Island State Park, no know Federal, State or local actions which
would affect the aquatic environment at or near Sherwood Island have occurred.
And, since the last beach nourishment occurred In 1957, no cumulative Impacts
resulting from the proposed project are expected.

(h) Determination of secondary effects on the aquatic ecosystem

Possible secondary impacts associated with construction might
Include Interference with spawning or reproductive processes of fish and
shellfish. In order to avoid this problem, construction will occur during the
fall and early spring months.j
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RECOMMENDATIONS

The Division Engineer recommends the plan discussed in the previous
section "Recommended Plan" is the most practical, economical and environ-
mentally suitable plan of improvement for West Beach of Sherwood Island
State Park Westport, Connecticut. Approval of the beach erosion control
project by the Chief of Engineers is recommended under the provisions of
Section 103 of the River and Harbor Act of 1962, as amended. The
approval, with such modifications that the Chief of Engineers may deem
advisable, is estimated to have a total first cost of $960,000 which
includes the cost of the first year of periodic nourishment. The total
project cost, including periodic nourishment for the 50-year period of
evaluation Is $1,989,000. This cost excludes any preauthorization cost
which is currently estimated at $115,000.

I further recommend that Federal participation be authorized in the
amount of 70 percent of the first cost of construction of the project,
which Is estiated to be $960,000 and annual periodic nourishment for the
50 years of economic analysis. The Federal share of the first cost is
$672,000.

This recommended Federal beach erosion control study with Federal
particiption is subject to the following conditions of local cooperation

I. The local sponsor (State of Connecticut) should agree that It
will:

a. Contribute prior to construction, In cash, 30 percent of
the first cost of construction, Including the cost of plans and specifica-
tions (total project costs are currently estimated to be $959,400); a
final apportionment of first costs will be made after actual costs and
values have been determined.

b. Assume full responsibility for all project costs in
excess of the Federal cost limitation of $1,000,000, which includes the
cost of periodic sand nourishment for the 50-year economic life of the
project and all study costs.

c. Mintain continued public ownership of the park and shore
and its administration for public use during the 50-year economic life of
the project by establishing, prior to construction, a boundary control
line which will separate public property from private property used for
the realization of the public benefits upon which Federal participation is
based.

d. Provide, witout cost to the United States, all lands,
easements, and rights-of-way necessary for project construction and
subsequent maintenance of the project.
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a. Hold and save the United States free from all claim for
damages that may arise before, during, or after prosecution of the work

S ~ ad subsequent maintenance of the project other than damages due to thefault or negligence of the United States or its contractors.

f. Maintain the protective measures during the economic life
of the project as may be required to service their intended purpose by
contributing, in cash, 100 percent of the cost of groin maintenance and 30
percent of the cost of periodic sand nourishment for the life of the
project. The estimted amount of periodic sand nourishment is 3,000 cubic
yards annually. Such contributions are to be made prior to each nourish-
ment operation.

g. Control water pollution to the extent necessary to
safeguard the health of bathers.

h. Comply with the requirements of non-Federal cooperation
specified in Section 210 and 305 of Public Law 91-646, approved 2 January
1971, entitled the "Uniform Relocation Assistance and Real Property
Acquisition Policies Act of 1970."

1. Comply with Title VI of the Civil Rights Act of 1964 (78
Stat 241) and Department of Defense Directive 5500.11 issued pursuant
thereto and published in Part 300 of Title 32, Code of Federal
Regulations.
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PROBLEM IDENTIFICATION

This appendix contains detailed information which will supplement
information contained in the main report. The needs of the area are
considered in this appendix and the problems prevalent in the area as a
result of the continuing erosion are identified.

STUDY AUTHORITY

This report was authorized, in a 1st Indorsement letter dated 10 July
1980 by the Chief of Engineers, Washington, DC, under the authority
granted in Section 103 of the River and Harbor Act of 1962, as amended for
Small Beach Erosion Control Reports. Section 103 provides authority for
the Chief of Engineers to develop and construct small shore and beach
restoration and protection projects that have not already been specif-
ically authorized by Congress. After a detailed investigation and study
clearly shows the engineering feasibility and economic justification of
the project, only then will the project be adopted for construction under
Section 103. Each project must be complete, economically Justified, and
limited to a Federal cost of not more than $1,000,000. This Federal cost
limitation includes all project related costs for the report preparation,
construction, investigations, supervision and administration. A small
beach erosion control project developed under Section 103 is formulated to
provide the same complete-within-itself project that would be recommended
under regular authorization procedures. No additional work should be
required to assure effective and successfu. operation of the project. An
Increment or portion of a larger overall project is not eligible for
construction under this program.

OTHER STUDIES AND REPORTS

A beach erosion control report was completed in 1949 by the Corps of
Engineers, in cooperation with the State of Connecticut, for the reach of
shorefront between Ash Creek and Saugatuck River. The result of this
report was a recommendation for Federal participation in the construction
of several beach erosion control improvements for the reach, including
Sherwood Island State Park. This report was published in House Document
No. 454, 81st Congress, 2nd Session.

An in trim hurricane survey report was completed in 1961 for West-
port, Connecticut. This report, published in Rouse Document No. 412, 87th
Congress, 2nd Session, recommended Federal participation in a hurricane
protection project for the nearby Compo Cove Beach area. In 1964, a
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socod Interim hurricane survey report was completed for Connecticut
coastal and tidal areas. This report is published in House Docment No. J
I, 89th Congress, 2nd Session.

In Nay 1967, the Coastal Engineering Research Center completed
Technical Memorandum No. 20, "Behavior of Beach Fill and Borrow Area at
Sherwood Island, Westport, Conecticut." This study reviewed the existifg
problems at Sherwood Island and made pertinent recommendations for
improvements.

A reconnaissance report was completed in 1968 by the Corps of
Engineers, in response to the 5 January 1966 request from the Water
Resources Comission, State of Connecticut (now called the Department of
Environmental Protection). It was completed in accordance with the
authority of Section 103 of the River and Harbor Act of 1962, as amded
by Section 310 of the River and Harbor Act of 1965. This report
recommended that a full scope beach erosion control survey report be
undertaken.

A leach Erosion Control Study of Sherwood Island was undertaken by
the Corps of Engineers In November 1974. This included a reviem of the
1949 report completed by the Corps in cooperation with the State of
Connecticut. Doe to lack of local cooperation, this study we deferred.
The State, however, requested that the stud7 be set aside; they wanted to
be able to have the study reactivated when they were able to provide the
cooperation secessary.

A study was performed in September 1979 by Flaherty Ciavara Ass*-
ciates. P.C. and Raytheon which looked at shoreline stabiliztion of
Sherwood Island State Park and the Compo Cove area plus the restoration of
Sberwaod Mill Pond. This study determined that some of the improvemts
made by the State at Sherwood Island State Park in 1975 and 1976 actualy
had some adverse effect on the Cmpo Cove area. Improvements to be um
to the existing structures and additional new structures were recommelded
in this study.

PROBLEM IDENTIFICATION

Sherwood Island State Park is a very popular recreational area which
includes a beach area with backshore facilities such as a bathhouse.
picnic tables, a ball playing area, a pavilion containing a restaurant,
and large grassy areas. Located in Westport, Connecticut, approximately
10 miles mst of Bridgeport, Connecticut and 50 miles east of New York
City, the park has one of the only beaches in the area open to the general
public. The beach itself is divided by Sherwood Point into two distinct
bathing areas, known a Feast Beach and West Beach. Esat Beach has
remaied relatively stable over the years; however, West Beach has
experienced a serious erosion problem, due to the overtopping of the beach
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during frequent serious winter storms. As this erosion continues, the
* available dry beach space decreases. The decreasing dry beach apace,

W combined with the popularity of the park, creates an overcrowding
condition. The area is also very rocky and as the erosion continues, more
rocks are exposed, which creates a safety problem for the bathers.

Close coordination and contact was maintained throughout the course
of the study with State and local officials to determine the needs,

demands, and requirements for the project area.. Several plans of
improvement were evaluated and presented to State and local officials for
their comments and approval or disapproval. Both structural and non-
structural plans were evaluated from engineering, economic, and
environmental standpoints.

The main objectives in solving the problems at Sherwood Island are
identifying the water resource problems and creating a successful solution
that is acceptable to everyone concerned. The development of the
opportunities necessary for solving these problems involved the type of
management measures that are appropriate to provide the needed water
related recreational planning.

At the present time, other than any Federal project, the only choices
remaining are either to leave the beach alone and allow it to continue to
erode, or have the State nourish the beach annually in an attempt to keep
ahead of the erosion. Due to the fact that the State, at the present
time, cannot afford to nourish the beach, the only alternative open to
them would be to continue to regrade the beach as they have been in the
past.

EXISTING BEACH CONDITIONS

West Beach, which is the only beach being considered, extends for
approximately 1,800 feet between Sherwood Point and the existing Federal
groin structure. There is little or no dry beach bathing area above the
mean high waterline on sections of the beach near Sherwood Point.
However, the west part of the beach is fairly wide and very heavily
used. The inner end of the groin structure, located at the westerly
limits of the study area, was raised by the State in February 1976.

DESCRIPTION, COMPOSITION OF SHORE, AND PROTECTIVE STRUCTURES

Sherwood Island State Park beach is divided into two distinct beaches
known as East Beach and West Beach. Since the East Beach has remained
relatively stable over the years, this study will only be concerned with
West Beach. The information presented in this section has been obtained
from field Investigations and historical data.
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West Beach:

Location - Sherwood Point westward to existing Federal groin
structure.

Shore Length - Approximately 1,800 feet

Ownership - State of Connecticut

Public Facilities - First aid station and grassy area with
picnic facilities (all located along the backshore)

Composition of Shore - Prom Sherwood Point wast for about 1,200
feet, the beach is very rocky with no sandy beach
available. The remaining 600 feet of this section is
sandy above the mean high waterline and contains
small scattered rocks and gravel intermixed with sand
below the mean high waterline.

Surface samples were taken along the shoreline at various points as
indicated on Plate 1-1, and grain size analyses were performed on these
samples. Based on these analyses, gradation curves were plotted which
present certain soil characteristics. These curves are shown in Figures
1-1 through 1-33. An attempt will be made, based on these curves, to
obtain sandfill for the project which has similar characteristics to the
sand which is now found on the beach. Standards for sand characteristics
have been established from information in the Shore Protection Manual and
will be utilized at the time of final plans and specifications to deter-
mine the most suitable sandfill for the project.

HISTORIC SHORELINE CHANGES

Shoreline changes were determined from all available survey data from
1883 through 1980. These changes are shown on Plates 1-10 and 1-11. A
summary of the changes Is given below.

West Beach extends for approximately 1,800 feet west of Sherwood
Point. Based on the 1955 survey, prior to construction the beach width
above man high water averaged approximately 20 feet. Vhen the authorized

project was constructed in 1957 the average beach width varied from
approximastely 150 feet at the western end to 230 feet at the astern
end, In 1971, based on the Corps of Engineers survey, the width of the

beach at the western end was 260 feet and along the easterly twm-thirds of
the beach, the beach widths varied from 120 feet to 180 feet. According
to aerial photographs taken by the Corps of hiSlneers in 1978, the first
600 feet of the beach, measured from the existing Federal groin eastuard,

0
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had an average beach width of approximately 100 feet; the second 600 feet
had an average beach width of about zero feet; and the beach width on the
third 600 feet averaged approximately 25 feet.

NATURAL FORCES

The objective of this section is to discuss the natural forces
related to Sherwood Island and show what impacts these forces will have on
the study area. The natural forces include tides, winds, waves, storms,
and hurricanes. Information will be included on extreme conditions of the
past and the damage that has been done. The geomorphology of the area and
the movement of material as a result of the natural forces will also be
discussed.

TIDES

The tides in the study area are semidiurnal with spring range of 8.0
feet and a mean range of 7.0 feet (MHW) which is 4.1 feet above the
National Geodetic Vertical Datum (NGVD). The frequency of occurrence of
the tides with varying elevations has been computed for Sherwood Island,
based on guage data done in Bridgeport, Connecticut. These tide data
stage frequencies are shown in Figure 4-3.

EXTREME TIDES

Although Sherwood Island is located at the western end of Long Island
Sound, it has experienced various high astronomical tides and tropical
depression tides. Some examples of such tides were experienced during the
1938 and 1954 hurricanes. These hurricanes produced the highest tides
ever recorded in this area. These storm surges created stillwater
elevations of 13.7 feet in 1938 and 13.2 feet in 1954.

The storms which have created the largest problem to the beach are
those which occur more frequently than hurricanes. For example, the
"Blizzard of '78" lasted over several tide cycles and caused large amounts
of erosion and structural damage.

A tabulation of selected storm and hurricane tidal levels and
frequencies as determined for the Hurricane Survey for Westport,
Connecticut is presented in Table 1-1.

WINDS

Included in the study of winds are two wind roses (see Plate 1).
They were prepared based on local climatological data as published by the
U.S. Department of Commerce, National Oceanic and Atmospheric Administra-
tion for the State Airport at Block Island and Laguardia Airport, New
York. The combination of these two areas is believed to best represent
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TABLE 1-1

TIDAL ELEVATIONS AND FREQUENCIES
SELECTED STORMS AND HURRICANES

Tidal Flood
Stillwater Level(1 )  Frequencey

Type Date of Storm Feet M.L.W. No./years

Hurricane 21 September 1938 13.7 1/50
Hurricane 31 Auast 1954 13.2 1/40
Storm 25 November 1953 12.4 1/15
Hurricane 14 September 1944 12.3 1/15
Storm 7 November 1953 12.2 1/12
Storm 12 November 1968 11.7 1/7
Storm 19 February 1960 11.4 1/5
Hurricane 12 September 1960 11.2 1/4
Storm 16 February 1958 10.5 1/2
Stroms Ordinary storms 10.0 1 or more

per year

(1) NOTE: Easterly storms of 1950, 1953 and 1968 produced a tidal surge
of a hurricane or near hurricane level.

I
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the study area. Block Island is similar to the Sherwood Island shoref ront
in that it has flat terrain vithout physical obstructions to the wind3 movement. The available data shows that the predominant winds are from
the westerly and northwesterly directions. Wind speeds greater than 35
miles per hour are not unusual in this area.

STORMS

A storm is a weather condition with sustained wind speed. This wind
speed, depending on its direction, duration, and fetch distance, has the
potential of generating large waves that could impact the study area. The
Conne%.icut coast experiences frequent northeasterly through southwesterly
storms. These storms cause the greatest damage to the study area since
the longest fetchs are from these directions. Hurricanes, although less
frequent, occur occasionally and have substantially higher tide levels.

The storm systems which have caused the greatest amounts of erosion
have been the northeasterly and easterly storms. These storms build up
inside the Sound and are generally slow moving; thus, the storm surge
build up las~s through several tide cycles. Easterly storms such as these
have occurred in November of 1959, 1953, and 1968 and have created tidal
surges of a hurricane or near hurricane level.

HURRICANES

A hurricane by definition is "a;n Intense cyclone in which winds tend
to spiral inward toward a core of low pressure, with maximums surface wind
velocities that equal or exceed 75 MPH (65 knots) for several minutes or

4 longer at some points."

Although in recent history there has only been a few recorded
hurricanes in the area, the records show that they have caused the most
severe tidal flooding and have sustained more serious damage to shoref rout
structures than any other storms. The hurricanes which have caused the
largest umounts of damage occurred in the years 1938, 1954, 1944, and 1960
in ordejr of magnitude. The hurricane of 1938 produced the highest
recordcd tides and caused thousands of dollars worth of damage to

shorefront homes.

WAVES

The data available on waves is limited to field observations of curve
heights, direction of approach, period, and wave length. The configura-

* tion of West Beach, with the reveted Sherwood Point protruding out at the
eastern end, restricts the exposure to threatening waves coning In from
east-southeast through the southwest quadrants. Sherwood Island is
located In Long Island Sound so storm waves that approach the beach are
waves that have developed in the Sound. Deep-water ocean waves coming up

-i the coast and in from deeper waters are stopped by Long Island. There-
fore, fetch distance, wind velocity and duration, although of primary
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importance, were not controlling factors in arriving at the design
criteria. Depth of water at the beach plus short period waves, wave run
up, and stillwater elevations were critical factors in establishing a
design wave that determined design elevations of the level beach berm.

GEOMORPROLOGY

The beaches of Sherwood Island State Park originated as barrier
beaches which were formed by the encroachment of the sea. These barrier
beaches were separated from the mainland by a shallow lagoon, which
contained several small islands. Eventually tidal currents and streams
flowing into this lagoon deposited mud and silt. Over tine, these
deposits formed a tidal marsh where the lagoon once was. With time, the
barrier beaches continued to encroach on the land, and the marsh was
completely filled in resulting in the present land form.

LITTORAL DRIFT

Significant littoral drift occurs in this area only under influence
of storm-generated waves. Examination of historical photographs and maps
indicates that the shoreline along the West Beach has suffered losses and
a redistribution of sand. A study of waves and wave refractions, and
observations of the area reveal a strong littoral drift moving from the
east to west. As a result of this littoral movement there exists a
scoured beach area extending for approximately 600 feet directly to the
west of Sherwood Point. In the past this area was partially renourished
by the westerly littoral movement of sand from offshore of the point;
however, rock revetment placed at the point has limited this process. The
material transported away from the scoured area is carried to the west
where it eventually stockpiles on the east side of the existing Federal
groin. Prior to the raising of this groin by the State of Connecticut the
sand was wind blown onto the shoreline along Coqps Cove. The net result
of the existing situation is an interrupted natural westerly drift of
sand, leaving one section of beach unreplenished and another section of
beach stockpiled with sand.

The normal tide range within the project area is 7.0 feet with a
spring range of 8.0 feet. Hydrologic studies using historical and wind
data, coupled with fetch lengths, indicate that this shorefront area is
subject to tidal surges of northeast through southwest sotrus. The storm
wave heights vary from between 4 and 8 feet and occur at periods of be-
tween 4 and 6 seconds. The most damaging storm driven waves approach the
beach from the east and causr the strongest westerly littoral movement.
torn waves approaching from cha southeast also cause a similar westerly
littoral movement but to a lesser degree.

The wave refraction analyois indicates substantial littoral movement
in the Immediate vicinity of the point with a rapid offshore movement and
a strong alongshore movement for a short distance to the west. Waves
approaching from the southwest are affected by nearby islands and turn to
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cause moderate vesterly littoral movement along sectors of the West Beach
with further rapid offshore movement at the point and reduced offshore
movement at the western half of the West Beach.

.2composition of littoral materials within the tidal range Is
either coarse sand or gravel and cobbles. The latter condition is
particularly the case at the point and for some distance to the vest of
the Point which is extremely rocky.

PRESENT USE

The entire West Beach is available to the general public for
recreational bathing. The first 600 feet of the beach, from the existing
groin eastward, is in satisfactory condition. The remainder of the beach,
however, is in poor condition. The entire 1,200 feet of this area Is very
rocky in the nearshore area, of which 600 feet has no dry beach space
available. This nearshore contains exposed cobbles and Is considered
hazardous.

Facilities within the State Park include a pavilion which contains a
restaurant, a bathhouse, sanitary facilities, picnic tables, ball playing
areas, and large grassy areas. In the mid-sixties, attendance began to
drop off and the State believes that this was due to the erosion

0 problem. The State performed some work on the beach to help control the
erosion problem, and at the present time the attendance at the beach is
rising again. This rise in attendance is mainly due to the combination of
the fact that there are no other beaches in the area open to the general
public and the work that the State is doing with regrading the beach.
Although the State is regrading the beach in an attempt to provide
additional dry beach space, they cannot keep up with the demand. Sherwood
Island presently cannot sufficiently accommodate all the bathers on
popular good weather beach days. The problem of Insufficient usable beach
space above the mean high waterli-te will continue and worsen until a
substantial restoration of protection improvement is done.

BEACH NEEDS

Sherwood Island, being one of the only beaches in the area open to
the general public, has been experiencing a growing problem with over-
crowding. This beach was very popular following the 1957 construction and
In the mid-sixties, park use increased to over three times its design
capacity. The numbers decreased substantially after that and the State
believes that it was due to the deterioration of the beach. The fact that
this beach is one of the only ones in the area open to the general public,
combined with the ongoing erosion problem, creates a condition of over-
crowding at the beach. Another problem caused by the erosion problem is
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one of safety to the bathers. The area ia question is very rocky and as
the erosion continues, rocks are exposed In the nearshore area. Duie to)
this condition, several bathers have suffered from rock bruises and
cute. There is a definite need for Improvements to the West leach at
Sherwood Island State Park.

WITHOUT PROJECT CONDITION (NO FEDERAL PROJECT)

The present average rate of erosion in the study area is estimated at
4 feet per year. This continual problem of erosion and redistribution of
beachf ill occurs during frequent stormes and rare hurricanes. The storm
tides are frequently experienced vith a flood level above the constructed
beach berm and with waves that generally overtop the beach. Wave energy
is greatly intensified at the protruding rocky point causing accelerated
losses at and along the adjacent area to the vest of the point. The
Intense wave energy at the point, with substantial loss of beachf ill has
resulted In a very rocky area, such of which is now unsuitable for bathing
se. The continued narrowing and lowering of the beach exposes the area
to Increasing wave energy with losses of the remaining beach continuing at
a rate believed equal or greater than has been experienced in the past.
If nothing is done to improve this situation, valuable recreational beach
area will continue to erode away and there will be an eventual loss of
backshore land and structures.

PLANNING CONSTRAINTS

Planning constraints direct plan formulation and restrict impacts
by placing limitations on the proposed plans of improvement. These
limitations cover a wide range of concerns, including natural, social,
environmental, economic, and legal aspects.

Sherwood Point contains popular fishing areas. One planning
constraint which must be considered is to avoid the adverse effects of
construction on these areas.

At the western limit of West leach, the Federal groin structure
separates West leach from Compo, Cove Beach.

The State's financial capabilities are limited; therefore, this must
be considered when making the final plan selection. The plans which are
fomulated must not put unreasonable financial burdens on the State.

Based on the above considerations, the following planning constraints
were established:
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" Avoid adverse effects on the nearshore fishing areas.
" Minimize the impacts of structures on adjacent shore
configurations.

. The State's financial responsibilities will be kept to a minimm.

PROBLEM AND OPPORTUNITY STATEMENTS

Problem and opportunity statements can enhance the accounts of
National Economic Development (NED) and Environmental Quality (EQ). They
are national, State, and local water and related land resource management
needs and are specific to a given area. Problem and opportunity state-
ments are essential in the evaluation of the various plans studied. They
are determined by analyzing the problem, needs, and opportunities of the
area.

In this study, five problem and opportunity statements were
established for the 50-year period of analysis life of West Beach:

. Contribute to the safety of the users of the beach.

. Contribute to the economic strength and well being of the area.

. Preserve the environmental quality of the area.

. Contribute to the continued recreational use of the beach.

. Contribute to the stability of the beach.
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FORMULATION, ASSESSMENT, AND

S EVALUATION OF DETAILED PLANS

-This appendix will focus on further development of detailed plans to
satisfy the planning and national objectives as weil as the needs of
Sherwood Island State Park, Westport, Connecticut.

FORMULATION AND EVALUATION CRITERIA

The process of evaluating plans was carried out by establishing the
contributions of each alternative in relation to the planning objectives
for planning beach erosion control projects. The alternative plans imust
meet the criteria specified in the National Economic Development (NED),
Environmental Quality (EQ),.Regional Economic Development (RED), and Other
Social Effects (OSE) accounts set forth in the Water Resource Council's
"Principles and Standards for Water and Related Land Resources Planning."
Desirability of these plans will depend upon the beneficial and adverse
impacts to the planning objectives in the area and are displayed in the
System of Accounts, Table 2-1.

Structural and nonstructural plans were forimulated and evaluated and
were given equal consideration in the planning process. The criteria used
in evaluating plans were acceptability, completeness, effectiveness, and
efficiency as stated in Principles and Standards; and certainty,
geographic scope, NED benefits-cost ratio, reversibility, and stability,
which are derived from the first four.

A comparative analysis of the alternative plans was conducted to
determine the plan that was the more effective and the least detrimental.
Monetary relationships of the plans were taken into effect as well as the*1 social and environmental values. Public preferences were also considered
In arriving at the alternative plan which was most acceptable.

The National Objectives for water resource planning requirements were

applied In evaluatin, the plans. The plan that resulted In the maximm
net economic return was designated the NED Plan. The plan that resulted
In the more positive environmental contributions or was the least
environmentally damaging was designated as the EQ Plan.

TECHNICAL CRITERIA

The following technical criteria were adopted In evaluating the study
area:

Appendix 2
2-1

_____ ____ _____ ____ _____ ____ _____ ____ ____ __ _ __ _ __ _ __ _ __ _ _ __ _ __ _ __ _ __m ~



1. Recreational beach improvements should satisfy the projected
demands for the 50-year period of analysis.

2. Protection should be designed for winter storms that frequent the J
area on a basis of once in two years.

3. The extent of the Federal cost of restoring and protecting the
beach shall be limited to areas which are landward of the limits of the
recorded historic shoreline unless necessary for engineering reasons to
provide protection from erosion.

4. Beach berm height should be designed to prevent overtopping by
the design tide.

5. Rock revetment and groin structures should be designed with rough
or irregular side slopes to break up the waves and reduce scouring.

6. Groins should be designed to compartmentalize the sandfill, not
to interrupt or prevent the downdrift shores from being nourished.

ECONOMIC CRITERIA

The economic criteria used In evaluating the considered plans of
protection were established as being the most practical methods of meeting
the planning criteria and objectives.

1. Each plan must provide benefits at least equal to or greater than
its costs In order to be considered as a justified plan.

2. Each plan should provide the maximum net benefits possible within
the formulation framework.

3. The cost of the alternative plans Is based on preliminary lay-
outs, detailed surveys, and estimates of quantities which are based on
1981 unit prices.

4. Annual costs and benefits are based on a 50-year amortization
period and an interest rate of 7-3/8 percent.

5. Annual charges include the cost of periodic nourishment.

6. Each plan should provide the minimum cost possible within the
formulation framework.

7. The plans include the effects of:

Aei
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a. Prevention of land loss and other physical damages
b. Reduction in maintenance costs
c. Increased recreational usage
d. Employment benefits

ENVIRONMENTAL CRITERIA AND OTHER SOCIAL EFFECTS

The goals and policies that are set forth in the current National
Environmental Policy Act were considered In evaluating the environmental
criteria and social effects in the Sherwood Island area. Adverse and
beneficial effects vere studied from the initiation of project planning
through the design with projected effects on construction, and the
operation and maintenance stages. Also, there vas a continuous inter-
changing of views vith concerned Interest groups in analyzing the various
alternative plans of improvements for the area.

The considered plans were evaluated to determine their contribution
to the Environmental Quality (EQ) account. The enhancement of the
environment or the least adverse effect of the proposed plan of improve-
ment was the primary objective in selecting an EQ plan. The following
effects were considered:

Fish and Wildlife Habitat
Water Quality
Air Quality
Cultural Resources
Biological Resources
Noise
Aesthetic Values
Natural Resources

Other social effects considers the direct and indirect implications
that will rise from the proposed project on the population and their life
style. Consideration was given to the following:

Community disruption
Ef fects on health, safety, and commnity well-being
Effects on desired community growth
Effects on educational, cultural, and recreational opportunities
Effects on emergency preparedness

Regional Economic Development is concerned with a project's effect on
the region. The following criteria were consideredt
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Effects on regional recreational activities
Effects on employment, income and economic base
Effects on local comercial and industrial activities
Effects on public services and facilities
Effects on noise during construction or other conditions that

would tend to raise the overall noise level of the area over the 50-year
period of analysis.

FORMULATI ON METHODOLOGY

The formulation of a plan of improvement for Sherwood Island State
Park considered the desires, needs, and preferences of various interests.
The formulation methodology began with suggestions from Federal, State,
regional, and local interests. The problems and needs were addressed and
identified and were limited to water and related resources in the area.

POSSIBLE SOLUTIONS

Each of the possible solutions and various combinations listed below
was considered as preliminary alternative improvements for Sherwood
Island.

o beach restoration and nourishment
o groin system with sandfill
o groin system without sandfill
o grass planting
o develop artificial dunes
o rock revetment
o offshore breakwater
o do nothing (no action)

These solutions were studied in the planning process which consisted
of the following: selection of alternatives, evaluation of impacts,
detailed impact assessment, benefit and cost analysis, final evaluation,
and selection of the plan. Throughout this process, continued
correspondence with State, regional, and concerned local citizens was
maintained for their preferences and views on the project.

INITIAL ALTERNATIVES CONSIDERED

The following considered plans of improvement for Sherwood Island
were analysed for economic, environmental, engineering, and public
acceptability:
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PLAN 1 -This plan consists of widening the existing beach by the5 direct placement of suitable sandf ill along approximately l,800 feet of
shoreline extending from the east limit of study at Sherwood Point to the
west limit of study at the existing Federal groin structure.

PLAN 2 - This plan consists of widening the existing beach by the
direct placement of suitable sandfill along approximately 1,800 feet of
shoreline within the project limits and lowering the landward end of the
existing Federal groin structure.

PLAN 3 - This plan consists of widening the existing beach by the
direct placement of suitable sandf ill along approximately 1,800 feet of
shoreline within the project limits, lowering the landward end of the
existing Federal groin structure, and constructing a low-profile groin
structure located approximately 900 feet west of Sherwood Point.

PLAN 4 - This plan contains shore management planning guidelines. It
involves managing the use of the backshore facilities and provides
additional planning -14ance for future public participation in water
related activities. -Ehese activities include restricting the number of
beach users on peak days, designating certain areas for fishing, erecting
sand fencing, controlling access to designated areas, and planting grass
on the backahore dune.

PLAN 5 - This plan consists of constructing a breakwater located 600
feet offshore and fronting West Beach.

PLAN 6 - This plan consists of placing rock revetment along the
entire length of backshore of West Beach extending between the existing
Federal groin structure and Sherwood Point.

Contacts with concerned interests concluded that some means of
protection for Sherwood Island was needed. Plans 5 and 6 were studied but
eliminated due to their lack of effectiveness in providing a better
recreational beach. These plans do protect the backahore from storm
driven waves but do not satisfy the criteria for the National Objectives
and the problem and opportunity statements. Plans 1, 2, 3 and 4 contri-
bute to the study objectives of the area and will be evaluated and
compared to determine which plan is the best for the area.

WITHOUT PROJECT5

* The without project alternative was discussed and considered,
however, it would not provide any solution to the erosion problem that
currently exists. Although this alternative avoids the initial monetary
Investment, as well as the impacts associated with construction, the
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current problems will still remain. Such problem are: Inadequate dry
beach space for recreational bathing, possible deterioration of existing
groin structures and backshore embankment with a loss of valuable beach
space, continued wave overtopping of the backshore area, and continued
hazards to the bathers due to the poor quality of material which makes up
the beach. The continued deterioration of the beach which will produce an
Irregularly-shaped shoreline that will reduce the aesthetic values of the
area.

ANALYSIS OF DETAILED PLANS

The six considered plans of Improvement were formulated and evaluated
according to the water Resources Council's Principles and Standard.. The
criteria used In evaluating plans were acceptability, completeness,
effectiveness, and efficiency.

Structural and nonstructural measures as well as the "without
project" or "do nothing" condition were considered In the planning
process. However, In contributing to the problem and opportunity
statements Plans 1, 2, 3, and 4 were most favorable. These four plans of
Improvement would contribute some means of protection against erosion and
would contribute to continued recreational use. These plans include
constructing by the direct placement of suitable saadf ill higher and wider
beach berm to limit wave overtopping, constructing a groin structure,
periodic nourishment, and shore management planning guidelines.

The proposed plans were evaluated for their greatest contributions to
the NEW and EQ accounts. Contributions to NED Included increased recrea-
tional values and further beach development. The four plans of Improve-
ment have a minimum adverse effect on the environment in the project area.

BEACH DEVELOPMENT

Throughout the study, which began in the reconnaissance report stage
and continued Into the Detailed Project Report stage, consideration was
given to correcting the erosion problem that currently exists and to con-
tributing to Increased recreational use. The plan of improvement that was
selected for Sherwood Island State Park considered level beach berm widths
of 200, 225, and 250 feet. The factors used In considering the best
possible solution focused on the geographical and geological features; the
storm, tidal, and wave processes; park use needs; economics; and
environmental effects.

A storm stage frequency analysis was conducted to determine a berm
elevation that would provide protection against a storm frequency of once
In two years.

Appendix 2

2-6



S lased on this analysis, a maxima beach berm elevation of 12.0 feet
above the mean high waterlinie warn selected. This design will contribute
to the needs of the area along with the regional economic development and
social well-being of the area. Groin structures were designed to consider
the predominant direction of littoral drift, to compartmentalize the sand-
f ill, and to stabilize the beach. A study was completed using shoreline
change maps, aerial photographs, and surveys where it was determined that
the predominant direction of littoral transport was alongshore In a
westerly direction and not onshore and offshore. From this analysis, the
placement of sandf ill with groin structures and periodic nourishment was
the sost feasible method to protect and restore the shore. A comparison
of the cost and benefits of the alternative plans can be found in the
System of Accounts, Table 2-1. The analysis of benefits and costs
procedure for the four plans of protection can be found in Appendix 8,
titled "Economics."

The beach development plan that will provide substantial economic
benefits and create minimal environmental impacts is Plan 3, which
consists of the following:

The direct placement of suitable sandf ill along
approximately 1,800 feet of shoreline within the project
limits, lowering the landward end of the existing Federal
groin structure, and constructing a low-profile groin
structure located approximately 900 feet west of Sherwood
Point.

This plan provides for the development of a 200-foot level beach berm
at elevation 12.0 feet mean low water (NLW) as well as an average beach
width above the mean high waterline of approximately 275 feet. The front
face of the beach berm will have a 1 vertical on 15 horizontal slope to
the existing bottom. Approximately 90,000 cubic yards of sandf ill,
including the first year of periodic nourishment, would be required
Initially at a fitrst cost of $960,000. This includes the cost of groins
and excavation. These costs Include both Federal and non-Federal costs.
Periodic nourishment is estimated to be 3,000 cubic yards per year at an
estimated annual cost of $21,000. In addition, the State of Connecticu.
will be required to sign local assurances as stated In the recommendations
portion oi the main report.

SUMMARY DISPLAY OF EFFECTS

The beneficial. and adverse impacts for the four considered plans of
improvement and their contributions to the NED, EQ, RED, and OS! accounts
are listed in Table 2-1, System of Accounts. The analysis considered the
aesthetics of the area, shore alignment, recreational facilities, and
shore protection. The proposed plan of improvement includes a low-profile
groin structure which would improve the aesthetics of the area by reducing
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sandfill losses. This reduction in sandfill losses would also contribute
to the continued recreational use of the beach and the protection of the
backshore.

Continued contact throughout the course of the study was maintained
with Federal and State fish and wildlife groups, and the following State
agencies: Department of Environmental Protection, State Department of
Parks and Recreation, Coastal Zone )fnagement, as well as local
interests. 'Coordination with these groups resulted in a selected plan
that mets the needs of the area.

0
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CORPS OF ENGINEERS. NED

TABLE 2 - I
SYSTEM OF ACCOUNTS

SHERWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

V'LAN 1

ACCOUNTS *FOOTNOM

1. National Economic Development (NED)

a. Beneficial Impacts (Annual)
Increased Recreation

200' Berm 2,5,7,9 $697,000
225' Berm 2,5,7,9 $767,000
250' Berm 2,5,7,9 $867,000

Recreational Fishing 2,5,7,9 N/A
Prevention of Loss of Land 2,5,7,9 21,600

b. Project Costs (Annual) Federail Local Fe
200' Berm $ 72,000 $31,000 $7;
225' Berm $118,000 $50,500 $1
250' Berm $188,000 $80,500 $If
Npn-structural plan

(1) Total NED &ste (Annual)
200' Berg $103,000 $1
225' Berm $168,500 $]
2501 B erm $268,500
Non-structural plan N/A

c. Net NE, Benefits (Annual)
200 Berm $615,600
225' Berm $620,100
250' Berm
Non-structural plar N/A

d. Behefit-Cost Ratio
200' Berm 6.98
225' Berm 4.68
250' Berm 3.31
Non-structural plan N/A

Applies to each berm

IT" -



TABLE 2 - 1
SYSTEM OF ACCOUNTS

RWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

ORAN1 I MLAN 2 LAN 3 *LN4

1,500
$697,000 $704,200 97n4,200 N/A
$767,000 $774,900 $774_900 N/A
$867,000 $875,900 $875,900 N/A

N/A N/A 90001 N/A
21,600 21,600 21 600 2,500

Federal Local Federal Local Federal Local Federal Local
$ 72,000 $31,000 $72,500 $31,000 $65,800 $29,200 N/A NIA

$118,000 $50,500 $118,000 $51,000 $104,000 $49,000
$188,000 $80,500 $188,500 $80,500 $157,000 $79,000 $7,500 $3,200

$103,000 $103,500 $ 95,000 N/A
$168,500 $169,000 $153,000 "
$268,500 $269,000 $236,000 it

N/A N/A N/A $10,700

$615,600 S622,3nO $639,800 N/A
$620,100 M2_ 00 $652,500
$620,100 $628,500 S670.500

N/A N/A N/A 0.0

6.98 7.01 7.73 N/A4.68 4.71 5.26
3.31 3.34 3.84N/A N/A N/A .37

Applies to each berm width.

Ananeix 2
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CORPS OF ENGINEERS. NED

TABLE 2- 1
SYSTD! OF ACCOUNTS

SHERWOOD ISLAND STATE PARK

WESTPORT, CONNECTICUT

9'LAJ 1

ACCOUNTS "FOTNOYTES

2. Environmental Quality (EQ)

a. Beneficial Impacts

(1) Restoration of Valuable Beach using

Sandfill from land source 2,6,9 yes

(2) Protection of Recreational Facilities 2,6,9
(New groins and sandfill will protect yes

beach from erosion)

(3) Provision of Recreational Beach Area
(Sandfill will provide increased beach 2,6,9 yes
area)

(4) Provision Qf Fishing Facilities

(New groin structures) 2,6,9 no

(5) Prevention of Littoral Sand Drift

(New groin structures) 2,5,9 no

b. Adverse Impacts

(1) Archaelogical/Historical Resources no impact no

(2) Air Quality (Degraded temporarily due
to construction activities; i.e., dust, 1,5 Minor-
emissions, etc.) temporary

(3) Noise (Increased due to construction;
fill transport by trucks) 1,6 Minor-

temporary



- - - -- '~ I 
III-.

I
TABLE 2- 1

SYSTER OF ACCOUNTS
RWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

[ LAN 1 PLAN 2 ,LAN 3 . pLj ,A

yes yes yes no

yes yes yes no

yes yes yes _yes

no no yes no

no no yes no

no impact no impact no impact no impact

Minor- Minor- Minor- notemporary temporary temporary

Minor- Minor- Minor- notemporary temporary temporary

Appendix 2
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COoPs OF ENGINEERS. NED

TABLE2- 1

SYSTEM OF ACCOUNTS
SHERWOOD ISLAND STATE PARK

WESTPORT, CONNECTICUT

PLAN 1

ACOXLJNTS FONYE

(4) Water Ouality (Increases in Minimal M1
turbidity during fill and con- 1,6 decrease in df
struction activities may cause DO levels D(
short-term decrease in the oxygen
level in the water)

(5) Benthic Organism (Any organisms
unable to evacuate thet areas to be 1,5 yes
filled vill be destroyed)

3. Social Well-Deing

a. Beneficial Impacts

ffecte on Desired Community Growth 2,5,$,9 Compatible with loc

ZffectS on Educational, Cultural, and and improve recreat
iAcreational Opportuitles 2,5,8,9 Increase recreation

b. mftvrse impacts with increa--. capa

Cmmunity Disruption 1,6,9 Temporary dsruptia

Effects on ealtb, Safety, and
Community Well-Being 1,6,9 Temporary tfreat du

on local roads and

project site.

-1 . .....', -- ,, ..- , - _ __•' ,.. . " _,_ - i
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TABLE 2 - 1
SYSTEM OF ACCOUNTS

IRVOOD ISLAND STATE PARK
WESTPORT, COMNECTT

#PLAN 1 ILAN 2 ILAN 3 *PIAN __ _ _ __ _ _

Minimal Minimal Minimal N
decrease in decrease in decrease in eNeo
DO levels DO levels DO levels expected

yes yes yes no

Compatible with local land use plans to improve Sewo sadSaePrand improve recreational facilities. Sewo sadSaePr

Increase recreational opportunities by providing additional dry beach space
with increa--A capacity.

Temporary disruption during construction; site specific disruptions

Temporary tf-heat during construction N/A
on local roads and areas at or near
project site'.

-.J1
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CORPS OF ENGINEERS. NED

TABLE 2- I
SYSTEK OF ACCOUNTS

SHERWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

AC(COTS m'LANI

4. Regional Development

a. Beneficial Impacts Increase salt w.ater
based recreational sEffect on Regional Recreational Activity 2,5,9 opportunities

Effects on Employment 1,6,7,9 Use of local labor pool f

Effects on Local Comrcial and Industrial 2,4,9 Probable increase in busil
Activities resulting from increased

b. Adverse lIpacts

Effects on Public Services 2,5,9 Possible need for increase

Effects on Pdblic Facilities 2,5,9 No effect Nc

/
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TABLE 2- 1
SYSTEM OF ACCOUNTS

"UWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

V'LAN I ILAN 2 qLAN 3 *PLAN 4

Increase salt w.iter No e:ffect
based recreational same as same as
opportunities 1 1

Use of local labor pool for construction of project.

Probable increase in business for local establishments No effect
resulting from increased number of beach of beach users.

Possible need for increased police and lifeguarding services. No effect

No effect No effect No effect No effect

I
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TABLE 2- I
SYSTE4 OF ACCOUNTS

SHERWOOD ISLAND STATE PARK
WESTPORT, CONNECTICUT

*PLANS BOFOOTNOTES
mTiming

1. Impact

Considered Plans of Improvement: Each of the bealow plans consisting of sandfill 2. Impact
will include 3 different level beach berms (200, 225, and 250 feet wide). 3. Impact

Plan 1 - Beach widening by diret placement of suitable sandfill along

approximately 1,COO fcet of shoreline extending east from the Uncertainty
existing Federal groin structure. 4. The uic:

Plan 2 - Same as Plan 1 plus placing rock revetment at Sherwood Point and 5. The Mc
lowering the landward end of the existing groin structure located
at the west limit of the study. 6. The

Plan 3 - Same as Plan 2 with an intermediate low-profile groin structure Exclusivity

located between Sherwood Point and the west limit of the study. 7. Ovea

Plan 4 - Shore management planning guidelines. This plan involves managing 8. Ov ar
the use of the backshore facilities. This plan includes restricting
the number of beach users on peak days, designating certain areas Actallty
for fishing, erecting sand fencing, controlling access to designated . Ipact
areas, and planting grass on the backshore dunes.

10. Impact

11. Impact

1/ Easily

- pact

/



TABLE 2- 1
SYSTEM OF ACCOUNTS

S1 OIO)D ISLAND STATE PARK
WESTPORT, CONNECTICUT

*FOOTNIYTE

1. Impact is expected to occur prior to or during implementation of the plan.
sandfll 2. Impact is expected within 15 years folling plan implementation.

3. Impact is expected in a longer time frime 115 or more years following
ng implementation.)

:he Uncertainty 1/
4. The uncertainty associated with the impact Is 50% or more.

it and
Ocated 5. The uncertainty is between 10% and 50%.

6. The uncertainty is less than 10%.

ture Eclusivity
udy. 7. Overlapping entry; fully monetized in = account.

anaging 8. Overlapping entry; not fully monetized in NED account.
stricting
areas Actuslit

esIgnated 9. Impact wil occur with Ilenmtatn.

10. Impact will occur, only vaen specific additional actions are carried out
&ring implemntation.

11. Impact will not occur because necessary additional actions are laddldig,
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PUBLIC VIEWS AND RESPONSES

I NTRODUCT ION

Public participation in beach restoration and protection projects
that generate public benefits and require that expenditures of public
funds begin with public involvement. Because of the complex process
involved in developing the most practical and economical method of
restoring the shore, initial public involvement is restricted to Federal,
State, local, and selected interest groups and not always to the general
public. It has been our policy to have regular meetings with small groups
of local officials from various environmental and social groups, through
the course of the study, to assist us in formulating the considered plans
of improvement. During the late stages of the report, an official public
notice and press release is issued informing everyone of the Environmental
Impact Assessment and asking for formal comments on the proposed plans of
improvement. Following this, after any comments are received and reviewed
and the final plan has been selected, a formal public meeting is held if
deemed necessary. In the case of Sherwood Island, West Beach, a formal
public meeting was waived in lieu of the 30 June 1981 walk/talk workshop
meeting held on the beach. This meeting was very well received and from
the feedback we received, it was found very effective.

Inclosed in this section of the report is all of the pertinent
correspondence from the beginning of this report through the final public
walk/talk workshop. The Federal fisheries were the only objectors to the
proposed plans of protection considered or to the recommended plan. All
comments obtained from the walk/talk public workshop were positive and in
favor of the proposed plan. Below is a list of meeting dates that were
held with city, State and local officials throughout the course of the
study.

9 February 1981 -Mr. Miller, Chief Park and Recreation: State
of Connecticut.

5 March 1981 - Selectman Office -Westport, Connecticut, and
Town Officials.

29 April 1981 - Sherwood Island State Park Pavillion - State I
and Federal Fish and Wildlife, oystermen, and
other concerned citizens.

May 1981 - Compo Cove Beach Association, Westport, I
Connecticut - Mes~ars Leach, State Dept., and
Bruha made a brief presentation to 40 Compo
Cove and Westport property owners at the
association presidents' beach house.

Appendix 3
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ELLA GPASSO SrATE OF CONNECTICUT

GOVEP~NO 
EXECUTIVE CHAMBERS

I4AR1 FOPO

January 19, 1979

Colonel John P. Chandler
U. S. Army Corps of Engineers
New England Division 4 4
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Chandler:

In earlier correspondence I have requested the Corps' assistance in the
development of Silver Sands State Park in Milford, Connecticut.

I have been informed by Commissioner Stanley J. Pac of the Department
of Environmental Protection that as a part of the state's ongoing program of
beach improvements, it would be desirable to complete the shore erosion
project at Sherwood Island State Park in the Town of Westport. I am, therefore,
requesting the Corps' assistance to bring this project to a conclusion.

It has been my intention since assuming office to provide the citizens of
Connecticut the best possible shore line facilities for recreational purposes.
The stabilization of the beach at Sherwood Island and the development of Silver
Sands State Park represent a substantial achievement toward this objective.

Commissioner Pac is responsible for the overall project and it is my
understanding that the project officer for the beach development will be
Richard Clifford of the DEP's Park and Recreation Unit. Mr. Clifford can be
reached at (203) 566-2304.

I wish to thank you for your interest in this project and look forward
to cooperatively bringing it to a successful conclusion.

With best wishes,

Cordially. Appendix 3
3-3
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V NEDPL-C Trip Report - Sherwood Island State Park, Westport, Ct

FROM DATE CMT I
Neuorandum For the Record Project Manager 10 February 1981

1. On 9 February 1981, Cathy LeBlanc and Messrs. Doucakis and Bruha met with the
State of Connecticut Department of Parks and Recreation in Hartford, CT, to discuss
the Sherwood Island State Park beach plan of improvement. Also attending the
meeting were Mr. William Miller, Director of Parks and Recreation; Mr. Dick
Clifford, engineer; and Mr. Stan Bates, engineer.

2, The undersigned discussed the project and the alternate plans of improvement.
At this stage of the study a detailed cost analysis has not yet been completed
but preliminary numbers were discussed. It was also mentioned that as part of
the design the inner end of the existing Federal groin structure located at the
west limit of the study would be lowered 111-2 feet along the backshore. This was
because the proposed sandfill will he at El. 12.0 feet MLW and the structure is
presently at El. 15.0 feet MLW along the backshore. Therefore, a one-foot freeboard
would be satisfactory to compartmentalize the sand-blom sand. Mr. Miller had no
objections to this suggestion. He also had no objections to the suggestion that
material of a poorer grain size from Compo Pond could be used as a base provided
that a better grade of material would be placed over this material. Consideration
is being given to this method of construction. A final decision will be made by
Engineering Division and with cooperation of the State of Connecticut.

3. They were also informed that a meeting would be scheduledwith the town of
Westport officials to discuss the proposed plan and that the State would be invited
to attend.

4. The meeting adjourned with the understanding that we would keep Mr. Miller
and the Recreation Department informed of our actions as we proceed with finalizing
our plans. His office would also receive copies of the draft Detailed Project
Report for review and comment prior to finalizing the report.

5. The meeting was informative and there was also a good exchange of ideas and
information. Everyone concerned with the project on the State level agreed that
the proposed plans considered should be helpful and we should proceed on schedule.

Appendix 3
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NEDPL-C Trip Report - Sherwood Island State-Park, Westport, CT

T ivision Engineer Project Manager DAT' 11 March 1981 CMTV

Mr. Bruha/mc/554
Thru: Channels

1. On 5 March 1981 Mr. Bruha and Dr. Fessenden attended a meeting in the First
Selectman's office in Westport, Connecticut. The purpose of the meeting was to
familiarize the officials of the town of Westport with the proposed Sherwood
Island State Park beach erosion control project. A list of persons attending
the meeting is inclosed.

2. The undersigned opened the informal meeting by discussing the project and
the considered plans of improvement. The meeting immediately became an open,
informational discussion of questions and answers.

3. Dr. Frank Fessenden was then asked to briefly discuss the geological aspects
of the study and to describe the impacts on the area as a result of the proposed
improvement.

4. Mr. Robert Leach of the State of Connecticut Department of Environmental
Protection, Hartford, CT, who is presently in charge of writing the Environmental
Impact Evaluation for the State of Connecticut that will be used as the Corps'

EIS, proceeded to outline what the State is proposing to do along the adjacent
private shoreline. He also discussed source of sand and construction procedure
that they will be using in providing the usable dry beach along the private

sector of shoreline west of Sherwood Island.

5. The meeting was open and very informative. Everyone present felt that the
Sherwood Island project was essential to the State and that the town was in favor
of the project. They would like to see additional material removed from Compo
Cove and would like to see the Corps use it at Sherwood Island. We are presently
looking into this as a possible underlayer or base with 3-5 feet of a more
suitable material covering this lesser quality material. The State is presently
conducting a study with a private consulting firm that will sample the material
in this offshore area to determine if the material is clean and suitable for beach
use. This information should be available to Ys some time in the summer of 1981.

6. Mrs. Heneage, First Selectwoman, stated that she thought that there would be
little or no objections from the town to either the State or the adjacent private
shore protection projects. The meeting adjourned on the note that we would keep
the town informed as to the progress of the report, and during the review period
the town would have an opportunity to comment on the Droposed and final plans of
improvement.

Appendix 3
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lown%-C 11 lMrch 1981
=: Trip Report - Sherwood Island State. Park, Vestport, Cr

7. Iuport/Impact an NED: As a result of this meeting we now feel that we have

the cooperation of the town of Westport and we can proceed ith finalizing the
Vatalled Project Report.

Iira

cc: Coastal Dev. Br.
Plamning Div. File

Appendix 3
3--6

xmd -

. 1



I .I [ | i

NAME 
ORGANIZATION

Thomas C. Bruha 
NED/Coastal Dev. Br.Dr. Frank Fessenden 
NED/Coastal Dev. Br.J. Heneage 
First Selectwoman, WestportBoldin B. Lee 
Recreation, WestportR.H. Leach 
CT Dept. of Env. ProtectionG.J. Smith 
Westport Public WorksJack Forebrand 
Recreational Comm.Fran Pierwola 
Conservation DirectorDorothy Williams 
1st Selectman's Adm. Asst.Mel Barr 
Planning Director
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UNITED STATES
ADEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
ECOLOGICAL SERVICES )

P.O. Box 1518
Concord, Now Hampshire 03301

olonel William E. Hodgson MAR 1 1 8
Deputy Division Engineer
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel lodgson:

This letter is intended to aid in your study of possible beach restoration
measures at Sherwood Island State Park, Westport, Fairfield County, Connecticut.
It has been prepared under authority of the Fish and Wildlife Coordination
Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.).

The current study is being limited to West Beach which extends from Sherwood
Point about 1,800 feet westerly to an existing Federal groin. The rock and
cobble shoreline at Sherwood Point grades into the sandy West Beach about
400 feet west of the point and extends about 1,400 feet to the groin.

Fish and wildlife consist of fish and shellfish resources in the intertidal
and subtidal area. Waters off the beach are shallow, ranging to three feet
below mean low water a few hundred feet from shore. The sandy beach above
high water, the lawn, picnic grove and parking lot typical of the Park area
have little fish and wildlife value except that the lawn is extensively
grazed by Canada geese wintering in nearby wetlands.

.The intertidal and subtidel areas support shellfish, crustacea, and other
benthic and burrowing organism which are harvested by man (recreational and
comercial oyster harvesting) or fed upon by fish, shorebirds and waterfowl.
The ost productive areas are those where rocks and cobbles form islands of
relatively stable, hard surfaced, habitat. Sandy areas are far less productive.

Sherwood Point is the apex of a number of boundary lines marking oyster
lots. There are 32 lots extending generally offshore from Sherwood Point
and west toward Cedar Point. The inshore boundary lies loss than 1,000 feet
from Vest Beach. 1/

Placing sand on the sandy section of West Beach would have little positive
or adverse benefit to fish and wildlife resources if fill in the subtidal
area is avoided. We suggest that the new sand be placed so as to maintain

Y

11 Connecticut Shell Fish Comission (now Aquaculture Division of the
Department of Agriculture). Map of Norwalk and Westport Town Oyster
Grounds, June 1980.

Appendiz 3 0
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the existing, natural curve of the beach. Since preventing lass of sand
from this beach is the main objective, a straight shoreline may be less
stable than curved beach. Placing the sand above mean low water should
reduce potential benthic changes in subtidal areas.

Removal of sand from Compo Cove for use on West Beach should not have serious
adverse impacts on resources in the Cove. Studies of the benthic community
in the Cove, and of possible changes in Sherwood Millpond, will be necessary
to verify potential impacts.

Construction of an additional groin at the east end of the beach is part of
Plan 3. Constructing this groin would destroy benthic habitat. However,
any cobble bed destroyed would be replaced by the niches created in the
stone surface of the groin. There could be some enhancement of habitat
where the groin is constructed on sand, which is a less productive surface.
The groin also would provide additional access for fishermen.

Reducing the top elevation of the inshore end of the existing groin would
have little effect upon fish and wildlife resources in the study area. If
this proposal is implemented and achieves its purpose of allowing wind blown

sand to move westward it should have little impact upon fish and wildlife.
if this measure accelerates sand deposition in Compo Cove it would have some
adverse impacts in contributing to the instability of the benthic habitat.
Depositing sand on the cobble and rocky areas of this beach should be avoided.

Construction of an offshore breakwater would destroy benthic habitat but we
believe this habitat would be replaced if the breakwater is constructed with
a rough, stone surface. Loss of clam habitat, however, would not be replaced
because clams would not inhabit the stones of the breakwater.

Construction of a rock revetment along the backshore between Sherwood Point
and the existing groin would have little impact upon fish and wildlife
resources.

Additional studies should include a detailed benthic. survey of any subtidal
or intertidal area that will be subject to a habitat change, such as from
cobble to sand. The amount and kind of mitigation rqie antaeutl
be determined without this information,.eurdcnntaeutl

There is no outstanding choice for fish and wildlife benefits among the
alternate plans nor is it evident that any particular plan will cause sig-
nificant losses. Additional information about specific resources to be
impacted will be needed to refine our conclusions. Plan 3, which includes a
new groin, seems to have more potential for providing additional benefits in
the form of fishing space. Also. the "no action" plan would have little
impact except that for the possibility that erosion of the Point will continue
and the material will end up in Compo Cove. Appendix 3
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Please advise us when you select the plan that will be recommended so that
we :an evaluate it and prepare a final report.

Sincerely yours,

Gordon E. Beckett
Supervisor

0,
Appendix 3
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UNITED STATES
DEPARTMENT OF THE INTERIOR

- FISH AND WILDLIFE SERVICE
* New England Area Office

P. 0. Box 1518
Concord, New Hampshire 03301

Colonel William E. Hodgson MAR 111
Deputy Division Engineer
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Hodgson:

We are sending you endangered species information to assist you in planning
for the beach erosion study at Sherwood Island State Park in Connecticut.

Our review shows that except for occasional transient individuals, no
Federally listed or proposed species under our jurisdiction are known to
exist in the project impact area. Therefore, no Biological Assessment or
further consultation is required with us under Section 7 of the Endangered
Species Act. Should project plans change, or if additional information on
listed or proposed species becomes available, this determination may be
reconsidered.

This response relates only to endangered species under our jurisdiction. It
does not address other legislation or our concerns under the Fish and
Wildlife Coordination Act.

Sincerely yours,

Gordon E. Beckett
Acting Area Manager

Appendix 3
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WESTPORT CONNECTICUT

OFFICE OF THE FIRST SELECTMAN )
March 19, 1981

Colonel C. E. Edgar, III
Division Engineer
Corps of Engineers
424 Trapelo Road
wV.cM. Nh 01254

Dear Colonel Edgar:

fhis is to inform you that the torn of Westport, Connect-
icuc, approves of the U.S. Army Corps of EngiLeetr0 proposed
beach erosion control project at Sherwood Island State Park.
Kr. Thomas grubs and Dr. Frank Fesesedea of your Coasml
Development Branch, at a ueeting on 5 March 1981 in my office,
explained in detail the Sherwood Island study. At this tim
we were also informed by Mr. Robert Leach of the State of
Connecticut Department of Environmental Protection of the pro-
posed planning effort and work that the State will be doing
on the private beach in Cou.po Cove in conjunction with your
project.

It is &y feeling that the Park is esseatal to the recrea-
tional needs cf Westport and tho surrounding cities an45 towns.
Thureiore, I support your effort in this riatter.

in the very near fuC m I wi1l be r~aa is aestee fre
your office on two ocbr publtclty-owed beaches that over th
years have been overtopped and are eroding.

Silbcerel.?

Jacqueline P. Heneage

Appendix 3 First Selectman
3-12
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'' ~ UNITED STATES DEPARTMENT OF/
~i National Oceanic and Atmospheric Administratil

NATIONAL MARINE FISHERIES SERVICE
Services Division
Habitat Protection Branch
7 Pleasant Street

Gloucester, Massachusetts 01930

MAY 7 1981

Col. C.E. Edgar, III
Division Engineer
New England Division
424 Trapelo Road
Waltham, Massachusetts 02254

Dear Colonel Edgar:

The National Marine Fisheries Service (NMFS) has reviewed the infor-
mation which accompanied Mr. Ignazio's letter of April 20, 1981, regarding
the Section 404(b) Factual Determination and Finding of Compliance for the
proposed Beach Erosion Control Project at Sherwood Island State Park,
Westport, Connecticut.

NMFS takes exception to several statements made in the Factual Finding
and subsequently reiterated in the Public Notice. Of major concern is the
statement that there are no known significant shellfish resources in the
area which would be affected by the project!' 7This statement was apparently
made without New England Division knowledge of the sediment characteristics
or potential for imac of the material from Compo Cove or unidentified up-
land borrow area(s) also appears that the presence of natural beds
of hardclams (Mercenar a mercenaria) and commercially operated oyster
(Crassostrea virginica) beds at Sherwood Island were not considered. As we
have previously reported, those resources are pr.sent and could experience
an adverse impact from project implemontationD F.his conclusion is based 5
upon the work of Sherkl (1972) who reported that suspended sediment does
adversely affect spawning and setting.

rit is also stated in the Factual Finding that the proposed fill material
/ will be compatible with existing sediments. Since much of West Beach at the

park is a cobble-stone substrate, this statement is inaccurate. Building
on this initial inaccuracy the Factual Finding states that the habitat will
not be altered by expanding the beach to a width of 325 feet above mean high
water. Such a conclusion lacks appreciation for the habitat provided by the
existing cobble beach and the signicicant difference that a sand beach will
offer. It also fails to recognize that the new beach will be subject to
storm mobilization as well as daily, induced, littoral processes. Both of
the forces can be excepted to actively erode the beach face.]

ISherk, J.A. 1972. Current status of knowledge of the biological effects of
suspended and deposited sediment in Chesapeake Bay. Taxa and special
effect summaries. Contrib. No. 515, Univ. Md., Nat. Res. Inst. Apendix
5137-5144. 3-13
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A brief review of the creation of Sherwood Island Park reveals that
the beaches were "enhanced" during construction in the mid 1950s. The
Compo Cove area has been found to be the ultimate recipient of most of
that "enhancement"M material. Since the forces which induced the migration
initially are not to be altered, we assume that they will continue to move
sand westerly along the shoreline. In view of this prevailing situation
it is inappropriate to conclude that no persistent impacts will be experi-
enced. We suggest that the loss of stability along the beach, the migra-
tion and ultimate deposition of the fill will act to degrade the quality
of life in this area for years to come.

As noted in the previous paragraph, the forces at work along West Beach
will not be altered by the proposed action. A 490 foot long groin is pro-
posed for West Beach to "help to comnpartmentalize the beachfill". It would,
according to your press release of April 20, 1981, "not prevent natural
forces from 'nourishing other beach areas". Sherwood Point is the beginning
of the westward drift pattern for this area. Beaches further inside Compo
Cove must get their nourishment from West Beach. Therefore, we assumed
that your staff assessed this situation and were able to recommend a low
profile structure. Prior to development of plans and specifications, how-
ever, we would appreciate an opportunity to review length, alignment, height,
general design and utility of this 5,000 ton structure as it appears to
perform two tasks which are at odds with each other; the allowance of natural
motion of sand and the compartmentalization of West Beach.

The fill material, if obtained from an upland source, will not be as
well sorted as littorally drifted beach sand. The exposure of those new
and unsorted sediments to wave wash will elevate turbidity levels in the
general area. Because of the availability of fine sediment sizes, turbidity
plumes can be expected to have some persistence. The Factual Determination
conclusion is at odds with our statement because it addresses only the large
particle sizes of the fill. We suggest a reconsideration of that statement
by your staff.

Reducing the retentive ability of the westernmost groin can be expected
to act as an additional destabilizing force on the beach. studies in New
York, New Jersey and Florida haw shown that aeolian forces do move sand;
however, the volume involved is significantly less than by aquatic forces.
The effect of storm elevated seas o_-, that lowered groin will have, however,
major impacts on downdrift properties. This consideration is not broached
in the present assessment documentation. it should be.

Finally, we are curious as to why the Corps plans to fill only offshore
area to create the desired beach width. (Incidentiallywhat importance does
the six foot depth of fill figure have to the project?) The fetch of the area
and shoreline orientation dictate that westerly migration of the fill will
occur. As noted above the history record of the beaches supports this con-
clusion. in view of those findings, why not place sand on the existing up-
land as well as offshore? This would create the desired beach width while
minimizing the extent of the offshore encroachment.

ApeNodix 3
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In view of the conclusions we have drawn, NMFS urges that the entire
project be reassessed and hopefully redesigned to take advantage of the
natural forces at work at Sherwood Island State Park. We also recommend
that the support documentation be rewritten to more accurately discuss the
existing environment and the potential impacts associated with implementing
the selected course of action at this location.

Sincerely,

Ruth Rehfus
V Acting Branch Chief

f

Appendix 3
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STATE
HISTORIC RCEIVED
PRESERVATION "MAY I 3
OFFICER Ou M W
for Commecficd

01 SOUTH PROSPECT SRET- ARTFORD. CONNECTCUr 06106- TEL. (203) ,.-3(M

May 7, 1981

State Clearinghouse Director
Office of Policy and Management
80 Washington Street
Hartford, Connecticut 06115

Subject: Beach Erosion Control Project,
Sherwood Island State Park,
Westport, CT.

Dear Sir:

The State Historic Preservation Officer has reviewed the
above named project. In the opinion of the State Historic
Preservation Officer, this project will have no effect onhistorical, architectural or archeological resources listedca or eligible for the National Register of Historic Places.

Sincerely,

ohn W.A nnahan
.ate Iistoric Preservation

Officer

-m 3
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/4' UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
~ ECOLOGICAL SERVICES

P.O. Box 1518
Concord, Now Hampshire 03301

Colonel William E. HodgsonMA 1298
Deputy Division Engineer
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Hodgson:

These comments are submitted in response to Mr. Ignazio's letter dated
April 20, 1981, concerning Section 404(b) Factual Determination, Finding
of Compliance and Public Notice for Sherwood Island State Park, Westport,
Connecticut.

The Public Notice mentions that an Environmental Assessment will be com-
pleted by June 1981. We have been advised that project documents showing
the area of fill and its relationship to the intertidal zone will be
completed at about the same time. This information, which should show
the area of intertidal zone to be filled and the probable future changes
in the beach, is needed to evaluate the environmental impact. Our final
report will be submitted as soon as we receive this information. These
comments do not constitute a report and they are provided to assist you

project planning.

Paragraph 4 of the Factual Determination and Finding of Compliance brieily
relates environmental concerns. We suggest that this section should be
expanded to include a description of the habitat types (sand beach, cobble
beach, etc.), the benthic species, and the commercial oyster leases just
off shore. This section should include information on the impacts of sand
deposition at other locations in Compo Cove or o.ffshore and estimates of the
historical changes in the beach.

Paragraphs 4c and 230.11(a) state that fill material (sand) will be compatible
with existing sediments. We cannot agree because the sand fill will cover a
beach that is now mostly cobble at lower elevations. The sand that was there
in the past has washed away. An estimate of the annual and long term patterns
of sand movement would be helpful in evaluating the impacts.

Section 7b mentions that appropriate measures for reducing adverse impacts are
listed in the Environmental Assessment to be issued later. We suggest that
a brief description of these measures should be included in this section.

Paragraph 230.11(e) continues the discussion about impacts assuming that the
substrate will remain the same and that the same benthic communities will be
re-established. Not only will some of the substrate change from cobble to
sand when the project is done, it will continue to change as this beach under-
goes the dynamic changes comn to such sites.' An assessment of the future
change is needed.
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Secondary impacts are considered in paragraph 230.11(b). We suggest that
the potential impact of the deposition of sand lost from the new beach
should be included in this section. This should include offshore and along-
shore movement.

In conclusion, we feel that the 404(b) documents are not complete without
insertion of additional details about the construction plans and the environ-
mental impacts with and without the project so that impact assessment can be
facilitated. Perhaps the 404(b) documents should be released for review at
the same time as the environmental assessment and project details. The change
from productive cobble to less productive sand would be a loss that will be
hard to mitigate. Avoiding the loss is always the best solution and we feel
that moving the fill shoreward would result in less intertidal fiLling, less
environm~ental loss, and perhaps less sand loss from wave action.

The documents use the word "not significant" in describing the environmental
impacts, but without data. such as square feet of cobble habitat changed to
sand habitat, the word has little meaning. We are suggesting that the environ-
mental Impacts should be more clearly defined so that the magnitude of the
impact can be adequately described. The documents lack information needed to
evaluate the Impact as required in 40 CFR Part 230.4-1(a)(3).

Sincerely yours,

Gordon E. Beckett

SupervisorI
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CONNctr STATE zPAMT4ENr ,ELTH s5VL6.S iMA AL nD ciw HI.ALTH SZCio

SUBJECT: A-95 EIS#378

SMALL *1AtH £'.MeDo. £OiT rG IT
WvisrPoRT, CONN.

Tag Andy Maben

Fzem: Dennis Kerrigan c .. om ssioner

Date 5/28/81

The comentary below is provided for applicant's information.

1. From Sherwood Point, Westport, CT, there are two large shellfish
beds extending in a southerly direction, and twenty nine beds
extending in a west-southwest direction Certification for twenty
three of these designated privately owned shellfish beds have been
issued by this Department to allow the harvesting and marketing
of shellfish. The Department will be obliged to close these areas
to harvesting if the dredging-replenishment operation results in
levels of total coliform bacteria, mercury, or PCB's above the
accepted national basis. The Department's sea water sample standard
for areas open to shellfishing is a total coliform median level of
70/100 ml or below with 10 percent or fewer of those samples below
230/100 ml as determined by a 5-tube series MPN. examination.

2. Maps, together with Department of Environmental Protection's Dredged
Material Sediment Classification regarding all spoil and commercial
fill to be deposited would aid in evaluating this project. The maps
should designate the areas of dredging, spoil deposition, groin
placement, and estimated quantity and extent of spoil dispension
after deposition on the beach. These factors should be examined
by someone familiar with the dynamics of sediment transport. Beach
replenishment could result in a change in other beach areas, may
smother shellfish on beds, or may only be temorary depending on
design or groin placement. These aspects could be reviewed for
cament by W. Frank Bolen, PhD., Associate Professor of Physical
Oceanography, Marine Sciences Department, University of CT or
by someone of similar expertise. "

il 3- 2 3 OK/gs
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t (~)UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
I' e# REGION I

J. F. KENNEDY FEDERAL BUILDING. BOSTON, MASSAC4UTTS 02203

May 29, 1981

Colonel C. E. Edgar, III
Division Engineer
424 Trapelo Road
Waltham, MA 02254

Re: NEDPL-I - Beach Erosion Control at Sherwood Island

State Park

Dear Colonel Edgar:

This letter concerns the Section 404(b) Factual Determination
and Finding of Compliance for the proposed Beach Erosion
Control Project, Sherwood Island State Park, Westport,
Connecticut.

We have reviewed the evaluation and concur with the concerns
pointed out by the National Marine Fisheries Service (NMFS)
in their letter dated May 7, 1981. Specific comments are as
follows:

1. There is no information to substantiate the statement
that the sediments to be used for the beach erosion
control project, do not contain contaminents in other
than trace quantities, and will not cause adverse effects
on aquatic organisms.

2. According to NMFS, there are known significant
shellfish resources in the area which may be affected by
the project. These include natural beds t hard clams
(Mercenaria mercenaria) and oyster (Crassososhea
verginica), which are not considered in the evaluation.

3. We question the inaccuracy of the statement that the
proposed fill material will be (Pg. 2) compatible with
existing sediments, since much of West Beach at the Park
is a cobble-stone substrate. If in fact, the fill is
not compatible with the existing beach, erosion may
result, especially during storms.

Appendix 3
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j
4. Compliance with the restrictions a discharge-under
Sections 230.10(c) and (d) of the 404(b) Guidelines were
not provided in this document. Section 230.10(c)(3),
with respect to effects on Shellfish should be addressed.
It is difficult to comment on theadequacy of action to
minimize impacts as required in Section 230.10(d) since
details were not fully described in the evaluation.

Therefore, we reco mend that the proposed project be re-
evaluated in light of the above concerns. If it is determined
to proceed with the original proposal, then the 404(b) analysis
should be revised to address these comments.

Thank you for the opportunity to comment on this public
notice. Direct any questions regarding these comments to
Kaye Cleghorn at 617/223-5061.

Sincerely yours,

Allen J. Ikalainen, Chief
Special Permits Development Section

cc: USMFS
MFS, Milford CT
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STATE OF CONNECTICUT
OFFICE OF POLICY AND MANAGEMENT

June 1, 1981

Joseph Lq Ignazio
Chief, Planning Division
Department of the Army
Corps of Engineers
424 Trapelo Road
Waltham, Mass. 02254

Dear Sir:

Reference: NEDPL-I
The State Clearinghouse has offered various appropriate state agencies the
opportunity to review and comment upon the proposed Sherwood Island StatePark, Small Beach Erosion Control Project at Westport, Connecticut.
Conments have been received from the Department of Health Services andthe State Historic Preservation Officer. We would like to call your particularattention to the comments of Deputy Comnisszoner Dennis Kerrigan of theDepartment of Health Services. A copy of the comments made by each of thesestate agencies is enclosed.

Sincerely,

Aden H. Maben
State Clearinghouse 

Coordinator

' !i 'ARIN/dch
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15 June 1981

The following comments apply to the letters received from the United
States Department of Commerce, National Oceanic and Atmospheric Administration,5 National Marine Fisheries Service, 7 May 1981; the United States Department
of the Interior, Fish and Wildlife Service, Ecological Service, 12 May 1981;
and The United States Environmental Protection Agency Regional, 29 May 1981.

Since receiving the above mentioned letters and comments, this office
has made an attempt to determine how significant the shellfish resource is at
Sherwood Island State Park and the adjacent shoreline. The National Marine
Fisheries Service and the U.S. Fish and Wildlife Service were both contacted to
discuss the findings of their survey. With this information we could attempt
to provide a mitigation plan to offset the impact of our proposed plan.
Unfortunately, no detailed survey had been undertaken by either agencies prior
to the initiation of their letters. We took the liberty of contacting
Mr. Charles McElwee, the Westport, Connecticut Shellfish Officer, who informed
us that there Is no significant shellfish activity along West Beach. We also
contacted the Sherwood Island State Park Superintendent to discuss the clamming
activity on West Beach. He had no knowledge of this area as a viable resource,
but informed us that he had, at times, seen an occasional clam digger.

This is not considered to be a resource that could be recognized over the
years. Due tc the dynamics of the area, material in the intertidal zone is
moving. During the winter months the rocky shore is exposed, some years more
than others. During the summer beach building time, one to three feet of sand
can cover these rocks. We are told that clams cannot survive if they are
covered by more than a few inches of sandf ill for more than forty eight hours.

We are aware of the commercial oyster beds located offshore. our proposed
project, with the low profile groin structure, will have little or no impact in
this area. Shoreline and offshore change maps clearly indicate that the offshore
configuration has changed very little over the years. With the addition of
the low prof ile groin structure, alongshore movement of material will be re-
duce considerably. We forsee no major impact on the off shore configuration
or in Compo Cove.

The proposed beach fill material will be as good or better in quality than
that which is presently found on the beach. The material on West Beach in the
susmmer consists of medium to fine sand, covering many cobbles and rocks in the
intertidal zone (see inclosed report photos). Detailed specifications for the

proposed material, such as grain size, sorting characteristics, percent passing,
and other data will be based on criteria established in the "Shore Protection
Manual" prepared by the Department of the Army Corps of Engineers, U.S. Army
Coastal Engineering Research Center.

The recommended plan, which includes ai low profile groin structure will
extend the mean high water shoreline along the eastern 1000 feet of West Beach
approximately 50 feet seaward of the 1957 mean high waterline. Along the re-
maining 800 feet, the mean high waterline will be extended seaward about 25 feet
from the 1957 mean high waterline. It is impractical to place sandfill in the
tree and grassy picnic area located behind the beach, because on peak days the
entire park is overcrowded. To reduce this area would not be a viable alternative.

Our studies indicate that the proposed groin will interupt the waves that are
nov causing alongshore movement in the nearshore area. However, material will
continue to move westward in the offshore area naturally. Also, wind blown sand
will move over the groin and continue to move along the beach. Apni
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The improvement for West Beach has been designed and analyzed based on our
knowledge of the most recent state of the art criteria and for the conditions
as they exist at Sherwood Island and in Long Island Sound.

Upon completion of the project, we are recommending that the Corpsestablish
a monitoring program. This program vil consist of periodic surveys to determine
the effectiveness of the groin structure with respect to sand movement. Included
in the program will be West Beach and Compo Cove.
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SIAIi; OF (ONNI-IICU"

DEPARTMENT OF ENVIRONMENTAL PROrECTION

('ASIAI ARFA MANAUGFMINI I ROURAM

June 17, 1981

Ms. Fran Pierwola, Conservation Director
Town Hall
110 Myrtle Avenue
Westport, Ct. 06880

RE: Letter of 5/22/81

Dear Fran:

Thank you for your letter of May 22, 1981 which called to my attention
four pertinet questions regarding the proposed Sherwood Island/Compo Cove/
Old Mill Beach erosion control projects. The questions apparently came ! light
as a result of my meeting with the conservation commission which you were so
helpful in arranging.

ach of the questions is germane to the project and they have hi1l been
considered during development of its design. Consequently, their aaswers
are contained in the initial work which was done by Flaherty-Giavara Associate.
or will be presented in the forthcoming Environmental Impact Evaluation (ETE)
which is being prepared by my Department. Since, as I understand your letter,
no imidiate or seperate response is desired we will address these questions
through the EIE.

If this response is not satisfactory to you or members of your commission
please let me know as soon as possible.

Thank you again for your kind assistance.

Very truly yours, j (.

Robert II. Leach
Principal Environmental Analyst

RHL/ 6i
Appendix 3
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STATE OF CONNECT ICUT
DIPARTMENT OF ENVIRONMENTAL PROTECTION

COASTAL AREA MANAGEMENT PROGRAM

June 17, 1981

Mr. Thomas Bruha
U.S. Arwy Corps of Engineers
New England Division
424 Trapelo Road
Waltham, a. 02254

RE: Sherwood Island, Compo Cove and Old Hill Beaches, Erosion Control.

Dear Tom:

Enclosed are copies of the correspondence I received from Fran Pieriwola,
Westports' Conservation Director, as a result of my meting with her conission
to discuss our erosion control plans for both the State Park's West Beach
(Corps Sponsored) and Conpo Cove and Old Mill Beaches (State Sponsored). The
meeting was very congenial and the comission seemed receptive to the
proposals although they made no commitment to any plan of action. I dis-
cussed both projects in detail and showed them all the preliminary jOlans.

My response to Fran's letter will be forthcoming and I will see that you
get a copy.

Sorry for the delay in response.

Very truly yours, ),j /

Robert Ii. Leach
Appendix 3 Principal Environmental Analyst
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I1 News Release
Nwm F I0iUdm 81-373 Sue Douglas or Tom Bruha

RAilino. Cot*
Upon Receipt 617-894-2400, X237 or 554

For Re ise" Phow:

424 Trapelo Road, Waltham, Massachusetts 02254

ENGINEERS PLAN WALK/TALK PROGRAM ON SHERWOOD ISLAND'S WEST BEACH

WALT.1AM, Mass. -- All who are interested in the possible restoration of Sherwood

Island State Park's West and Compo beaches are invited to inspect the area and attend

a public workshop and discussion on June 30, 1981. The U.S. Army Corps of Engineers

has proposed a $943,100 plan to place sandfill on the beach and to construct one low

profile groin to compartmentalize the sand. The State of Connecticut has proposed

placement of sandfill, channel excavation and the construction of four structures

for Compo Beach.

Colonel C. E. Edgar, III, head of the Corps' New England Division, extended a-

public invitation on behalf of the Corps and the State to meet at the Sherwood Island

State Park Beach pavilion at 6:00 P.H. to walk the beach and obtain first hand

information on the proposed improvements and then to jin in a workshop discussion 1

at the pavilion following the walk. Visual aids and handouts will be available.

"Public comments and views received at the workshop will greatly assist us in

reaching a decision on whether the work should be accomplished," Colonel Edgar said.

Should federal funds be available, the work would be accomplished by a private firm

under contract with the Engineers.

-30-

MAP, FACT SHEETS ATTACHED 18 June 1981
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* Project
Information
WEST BEACH, SHERWOOD ISLAND STATE PARK
BEACH EROSION CONTROL STUDY

424 Trapelo Road, Waltham, Massachusetts 02254

TPZ OF PMOJECT: Beach Erosion Control Study

LOCATION: Westport, Connecticut, on the Long Island Sound, approxi-
mately 10 miles vest of Bridgeport, Connecticut, and 40
miles east of New York City.

AUTHORITY: Section 103 of the River and Harbor Act of 1962, as
amended for small beach erosion control projects.

PURPOSE: To provide shore protection, encourage healthful beach
bathing, and prevent future damages due to the natural
elements.

PROJECT: The plan of improvement for West Beach consists of pro-
viding a 275-foot wide dry beach above the mean high
water line by the direct placement of suitable sandfill
along 1,800 feet of shoreline, lowering the landward end
of the existing Federal groin structure, and the construc-
tion of one low-profile groin structure located between
Sherwood Point and the existing Federal groin.

DATE STARTED: Reconnaissance Report approved June 1980.

DATE C(3PIZTD: Detailed Project Report scheduled for submittal for
approval in September 1981.

COST: Total first cost $936,000.

-COST-SHARING: The State of Connecticut will bear 30 percent of the
total first cost and annual charges. The Federal
Goverment will bear 70 percent of these costs.

CURUMT STATUS: The Detailed Project Report is now in the final stage
of completion and is scheduled to be submitted to the
Office of the Chief of Engineers for approval in
September 1981. The construction should begir, in early
spring of 1982.

CONTACT: Thomas Bruha, Project Managet 617-894-2400, extension
554.

Appi&eix 3
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STATE OF CONNECTICUT
Department of Environmental Protection

State Office Building
Hartford, ConnecticuZ 06115

COMPO COVE BEACH
FACT SHEET

TYPE OF PROJECT: Beach Erosion Control Study

LOCATION: Adjacent to Sherwood Island State Park, West Beach,
Westport, Connecticut

PURPOSE: To provide shore protection and prevent future damages
due to the natural elements.

PROJECT: The plan of improvement for Compo Cove Beach consists
of beach widening by the direct placement of suitable
sandfill, the construction of two low-profile groins
on the beach, and one structure on either side of the
entrance to the inlet. Sandfill will also be placed
on Old Mill Beach. No work Is scheduled to be done In
Sherwood Pond.

CONTACT: Robert Leach, Project Manager, 203,566-7404.

I

Appendix 3
3-33

_ _ --



NEDPL-C TRIP REPORT)
SUBJECT: Sherwood island State Park, Westport,

Connecticut

1. Date: 30 June 1981

2. Location: Sherwood Island State Park, Westport, CT

3. Subject: Walk/talk meeting with Federal, State, local officials, and
concerned citizens.

4. Attendees: See attached attendance list

5. Summary:

a. The meeting began at the pavilion where I introduced myself and
distributed copies of the information sheets and a plate of the selected
plan. WiLa the use of various plates and maps, I briefly explained the study
area and the proposed plan of Improvement, which includes providing a 275-
foot wide dry beach above the mean high waterline by the direct placement of
suitable sandf ill along 1,800 feet of shoreline, lowering the landward end of
the existing Federal groin structure, and the construction of one low-profile
groin structure located approximately 900 feet west of Sherwood Point.

b. A question arose as to vhy the existing Federal groin is in the pro-
cess of beingraised if the plan of improvement is to lower it. I stated
that I was unaware of this work being done but that I would check into it.
No one at the meeting knew who was responsible for the dumping of rock on
the existing Federal groin.

c. Mr. Bob Leach of the Connecticut Department of Environmental
Protection then gave a presentation of the State project at Compo Cove Beach
which includes Compo Hill Beach and Old Hill Beach. This project provides
20,000 cubic yards of snadfill along 800 feet of beach, two low-profile
groins, and two terminal groins, one on either side of Sherwood Mill Pond
Inlet. A discussion then began of borrow areas and source of sand.

d. I explained that we had contacted four possible suppliers for the
West Beach sandf ill and that allostated that they have enough sand to supply
us for this project.

t. We then proceeded to walk along the beach, starting at Sherwood
Point. I explained the problems the beach was experiencing and restated the
proposed plan to correct these problems. We continued walking along the beach
and I pointed out where we proposed to build the low-profile groin. We proceeded
to the existing Federal groin and we observed that boulders had Indeed been
dumped at the groin. I explained that we proposed to lower this groin approxi-
mately 1.5 feet to allow wind blown sand to move freely along the beach to the
west and hopefully provide some nourishment to the adjacent State land and
Compo Cove leach.

Appendix 3
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NEDPL-C SUBJECT: Sherwood Island State Park, Westport, CT

f. A discussion began of the clam and oyster habitat located on West
Beach and if the proposed snadfill would destroy the beds. Mr. Charles McElwee,
Shellfish Warden, stated that there are no clams or oysters in the area of
the proposed project. The meeting was then ended.

6. Import/Impact on NED: Public connts and views were received and assisted
us in reaching a decision to proceed with the project.

THOMAS C. BRUHA

Appendix 3
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30 June 1981

WALK/TALK MEETING
SHERWOD ISLAND STATE PARK

WESTPORT, CT

ATTENDANCE

NAME ORGANIZATION

George R. Butzko Westport
Fred C. Benson U.S. Fish and Wildlife Service
Charles McElwee Westport - Shellfish Warden
Dominick A. Calise Westport
Win Robinson U.S. Fish and Wildlife Service
Mr. & Mrs. Allen Raymond Compo Cove
John C. Clark Weston
Tom Lesley Compo Cove
Edward Harrison Compo Cove
Larry Johnston Westport
John Cappiello WNLK Radio News, Norwalk
Jill McDonald WNWf Radio News
D. R. Hall Westport News
Edward Nielsen Geneovese & Assoc., Consulting

Engineers, Hamden, CT
Marianne Engelman Senator Dodd's Office
Jeff Perlman Bridgeport Post-Telegram
Thomas C. Bruha Corps of Engineers, Coastal Dev. Br.
Catherine LeBlanc Corps of Engineers, Coastal Dev. Br.
James Doucakis Corps of Engineers, Coastal Dev. Br.
Maureen Cumings Corps of Engineers, Coastal Dev. Br.
Dave Dupee Corps of Engineers, Impact Analysis Br.
LT Wayne Johnson Corps of Engineers

Appndix 3
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COMPO COVE PARK ASSOCIATION, INC.
Allen A. Raymond, President

70 Compo Cove
Westport, Ct. 06880

July 1, 1981

Colonel C.E. Edgar, III
U.S. Army Corps of Engineers
New England Division

424 Trapelo Road
Waltham, Massachusetts 02254

Dear Colonel Edgar:

As President of the Compo Cove Association, I've watched with interest
the skill and tact -- and thoroughness -- with which the restoration
of Sherwood Island beaches has been handled by your organization.

Last evening I attended a meeting at the Park in which the project
was explained. This was an expansion of a similar meeting held with
our own Association back in late May. Hopefully it will move ahead
rapidly, and if you need any support from our organization, please know
that we will do anything we can.

It was mentioned during the meeting that periodic (annual?) aerial sur-
veys of the area would be made, once the work has been completed. These
surveys would help determine what happens from year to year.

This seems like a splendid idea, and I only hope our Association will
be informed of the results. This will help guide us -- and the Town
of Westport - in annual maintenance. Such maintenance can perhaps
eliminate the need for another major project in future years.

Again -- thanks from all of us for what has been planned. I hope you
will pass on to others in your organization our appreciation.

,./1
Si ;ex~ly,

'AOllen A. Ra
Mi/rubPresident.AUR/rmb .:
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STATE OF CONNECTICU
DEPARTMENT OF ENVIRONMENTAL PROTECTION

July 30, 1981 -
WATER QUALITY CERTIFICATION

C.E. Edgar, III
Colonel, Corps of Engineers
Division Engineer
New England Division
Army Corps of Engineers
424 Tropelo Road
Waltham, Massachusetts 02154

Dear Colonel Edgar:

The Department of Environmental Protection has reviewed your application for the
restoration of the West Beach of Sherwood Island State Park in Ws t2rt, Connecticut
as outlined in the U.S. Army Corps of Engineers Public Notic(REDPL- dated 20 April
1981. The project will involve placing 125,000 cubic yards o ill on an 1800
foot long section of cobbie beach to provide a sand beach 325 feet wide above mean
high water. A portion of the fill material will come from Compo Beach cove which
will then be covered with an additional 6 ft, of sand from an upland borrow area.
The landward end of the existing Federal groin, located at the western limit of the
proposed improvement area, will be lowered to allow wind-blown sand to move along the
beach. An additional low profile groin will be constructed between the west limit of
study and Sherwood Point. The project will eliminate the habitat provided by the
cobblestone substrate and possibly stress the natural beds of hardclams and commercial
oyster beds. Since the primary purpose of Sherwood Island State Park is to provide
"beach" recreation for residents of Connecticut and New York City and since a similar
type of enhancement occurred in the mid 1950's during the construction of the park
a precedent has been set for the use of the area to favor this form of recreation.

Therefore, based on this precedent and pursuant to Section 401(a)(1) of the
Federal Water Pollution Control Act, as amended, the Department of Environmental
Protection hereby certifies that the proposed project will not permanently violate
Connecticut's Water Quality Standards provided that no dredging or other construction
activities that would elevate turbidity levels occur between June I to September 30
of any year. With regard to its water quality related aspects, this action is
further found to be consistent with the applicable policies of the Connecticut
Coastal Management Act (Section 22a-92 of the Connecticut General Statutes as amended
by Section 2 of P.A. 79-535).

This is not the permit or authorization required under Section 25-7d; 25-11;
22a-32; or 22a-36 to 45, inclusive, of the Connecticut General Statutes as amended.
These sections pertain to encroachments, dredging, or work waterward of mean high
water in coastal, tidal or navigable waters, work in designated tidal wetlands,
encroachments or obstructions channelward of established stream channel encroachment
lines and work in inland wetlands and watercourses.

Sincerely yours,
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10 AUG IS-).

NEDPL-C

Mr. Stanley J. Pac
Commissioner, Dept. of
Environnental Protection

State Office Building
Hartford, CT 06115

Dear Mr. Pac: t
It is requested that your department certify that Sherwood Island State
Park, West Beach Erosion Control Project is consistent with the State of
Connecticut Coastal Zone Area Management Program.

We have reviewed your planning report number 30 titled "Coastal Policies
and Use Guide Lines" for consistency. It has been determined that the
project is consistent with the overall Coastal Zone Area Management Program.
We have further determined that the project is well within the limits of
placing clean fill material in coastal waters, and we are requesting a
water quality certificate for West Beach. As you are aware, this project
is a joint effort with the State of Connecticut to replenish and replace
the beach in this heavily-used beach area. The consistency certification
workshee, has been completed by the State Department of Environmental
Prota-, a and is included in the State's Environmental Evaluation. The
eva .-.#on addressed both the Federal and the State project and will be
forwarded to the Corps prior to submission of our report to the Office of
the Chief of Engineers for approval.

In order for us to maintain our scheduled time table, I would appreciate
a response from your office as soon as possible to enable us to forward
a final Detailed Project Report to the Office of the Chief of Engineers
for approval in Septemoer,1981.

Sincerely,

C.E. EDGAR, III
Colonel, Corps of Engineers
Commander and Division Engineer
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August 25, 1981

Colonel C.E. Edgar, III
Department of the Amy
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Mass. 02254

ATTN: NEDPL-C

Dear Colonel Edgar,

I am in receipt of your letter dated 10 August 1981 in which you request
certification of the consistency of the Sherwood Island State Park West Beach
Erosion Control Project with Connecticut's Coastal Area Management Program.
This letter shall constitute such certification.

Upon review of the August 1981 Draft Section 103 Small Beach Erosion Control
Report for Sherwood Island State Park, West Beach, my staff reaffirmed the con-
sistency of the proposed project with the State's Coastal Area Management Program.
As stated in your letter, the State's Environmental Impact Evaluation will include
the Coastal Management Consistency worksheet prepared by my staff. I would recommend
that the pertinent sections of that worksheet be appended to the Final Section 103
Report.

Also requested in your letter was a Water Quality Certification. I trust you
have received such certification dated July 30, 1981.

Please keep me informed of the progress of this project. If we can be of
further assistance, please call Jane Kreisman at 566-7404. Thank you.

Sincerely,

7;;&.-Stanley J. Pac

SJP/JK/el
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
ECOLOGICAL SERVICES

P.O. Box 1518
Concord, New Hampshire 03301

SEP 1
colonel Williar-i F. llodgson
Deputy Division Engineer
New England livision, Corps of Engineers
424 Trapelo Road
Waltham, Massach, isetts 02254

bear Colonel Hodgson:

This is our Fish and Wildlife Coordination Act Report on your study of
beach erosion control measures for Sherwood Island State Park, Westport,
Connecticut, including our comments on your Draft Detailed Report dated
August 1981. Our report was prepared under authority of the Fish and Wild-
life Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.),
and it supplements our previous reports and letters concerning this project.

Wt. -.,objections to your selection of Plan 3 consisting of sand fill,
no,:l .: ion of the west groin, and construction of a new groin which will
ir,.,.... opportunities for shore fishermen. This groin also will replace
s *, !h beach cobble habitat that will be covered by sand fill. There
wilV t.. -nv loss of benthic habitat caused by the sand fill. The cobble

i, . ill not he completely replaced and therefore there will be a loss
f t. . eios associated with this productive habitat. The magnitude of

th, 'i. tat loss cannot be predicted because of your plans to avoid unnecessary
lo: .w.. c'onstruction and the predicted future natural changes in the
short clearly explained in your draft.

.!ia the anticipated adverse impacts on fish and wildlife habitat
~.*.. .,,.:ained more clearly in your report. For example, the section
"M.t , 'm Requirements" on page 12 explains that extra effort will be made
lt,:i. ,,nstructiot, to avoid adverse impacts upon the cobble habitat but
statt-: that it is not an "active shellfish area". During a site visit with
m, r:ers of your staff, we saw numbers of soft-shell clams in this area that
.-! been dug by beach users. It might be more appropriate to say that soft-
.hell clams, mussels, snails, and other marine life inhabits this cobble
area and the number of species and abundance of individuals is greater than
on the sand beach.

A similar discrepancy is found on page 4, last paragraph where the clams
are described as "not a viable resource". This should be revised to explain
that the clams are not significant either in numbers, quality of habitat,
or human use, but that some do exist and could be used by the public with
appropriate license.
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We'do nbt agiee with use of "could" iA line 8 of'paragraph d, page 33. The,
listed species do exist there now.

The statement that the loss of productive habitat (conclusions, paragraph c,

pa'g'42), will be'offset by groin conattuction should be qualified. The
meading of offset is not-clear in this context.. It might be clearer to say
that conitinct ion and matntenince of the groin will partly offset loss of
pt6ductive cobbte and rocky areas.

The Section 404(b) document."are thesame asprevously, revieved, so our-
16tter'of comment dated May 12,-1981, still appdtft.

W&'-will review and comment on- your final draft report before completing our
co'ordination with yod on this proJeet:

Sincerely yoursb

.f,'"ordon E. Beckett
Supervisor

Apeidil@
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

p4 , REGION I

J. F. KENNEDY FEDERAL BUILDING. BOSTON, MASSACHUSETTS 02203

September 15, 1981

Colonel C.E. Edgar, III
Division Engineer
New England Division, Corps of Engineers
U.S. Department of the Army
424 Trapelo Road
Waltham, MA 02254

Re: NEDPL-C Beach Erosion Control at Sherwood
Island State Park

Dear Colonel Edgar:

We have reviewed .the Draft Environmental Assessment concerning the
feasibility of providing beach improvements for Sherwood Island
State Park in Westport, Connecticut.

In our May 29, 1981 letter after reviewing the Section 404(b)
Factual Determination and Finding of Compliance for the project,
we stated some comments concerning issues that were of concern to
us. Upon review of this Environmental Assessment, our major concerns
were addressed. Therefore, we have no objection to this proposed
project.

Thank you for th( )pportunity to comment on this Draft Environmental
Assessment. Questions regarding these comments should be directed
to Kaye Cleghorn, at 617/223-5061.

Sincerely yours,

Allen J. aainen
Chief, Special Permits Section

cci MIPS, Gloucester, NA
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
New England Area Office

P. 0. Box 1518
Concord, New Hamipshire 03301

Colonel William D. Hodgson
Deputy Division Engineer
New England Division, Corps of Engineers SEP 1 4 1981
424 Trapelo Road
Waltham, Massachusetts 02254

Dear Colonel Hodgson:

We are sending you endangered species information to assist you in planning

for the Sherwood Island State Park, Westport, Connecticut.

Our review shows that except for occasional transient individuals, no
Federally listed or proposed species under our jurisdiction are known to
exist in the project impact area. Therefore, no Biological Assessment or
further consultation is required with us under Section 7 of the Endangered
Species Act. Should project plans change, or if additional information on
listed or proposed species becomes available, this determination may be
reconsidered.

This response relates only to endangered species under our jurisdiction.
It does not address other legislation ox our concerns under the Fish and
Wildlife Coordination Act.

Sincerely yours,

Gordon E. Beckett
Acting Area Manager
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ENGINEERING INVESTIGATION, DESIGN, AND COST ESTIMATES

This appendix will address in detail the design criteria used in the
design of the improvements. The criteria will apply to the design of
those plans that have sufficient public use benefits to economically
justify construction of the project. Tables shoving cost estimates of the
considered plans of improvements including first cost, annual charges, and
periodic nourishment are shown along with the detailed cost estimate of
the selected plan of improvement.

TIDAL HYDROLOGY

GENERAL

This appendix presents climatic and tidal hydrologic information
necessary both to evaluate erosion processes at Sherwood Island State
Park, West Beach and to design proper corrective measures. In this

I! appendix the factors causing water level variations are examined.

Wind generated waves are the principal agent of coastal erosion.
Nearshore currents generated by waves, winds, astronomical tidesor
riverine flow also play an essential role. The precise location of most
active erosion is determined to a significant extent by the water level as
averaged over many tide cycles and wave periods. Substantial variations
in water level can be produced by astronomical tides and by storm surges
caused by the combination of high onshore winds and low atomapheric
pressure.

ASTRONOMICAL TIDES

THE REASON FOR TIDES

Tides result mainly from the sea's response to the moon's gravita-
tional attraction. The sun, being such farther away from the earth, has a
much lesser tide producing effect. In the study area, two high and two
low tides occur during each lunar day (semidiurnal tides). The lunar day
Is the time required for one rotation of the earth relative to the noon
(approximately 24 hours 50 minutes). The difference In height between
consecutive high and low waters (the tide range) Is affected by three main
factors:
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(1) The tide range varies with the alignment of earth, moon, and sun
as observed by the phases of the moon. A complete cycle through maximum)
range at full or new moons (spring tide) and minimum range at quarter
moons (neap tide) takes about 14 3/4 days.

(2) The varying distance between the earth and moon during its 27
1/3 day elliptical orbit about the earth causes an increased range when
closest (perigean tide) and a decreased range (apogean tide) when farthest
away.

(3) The declination of the moon and to a lesser extent the declina-
tion of the sun, from the equator, tends to produce inequalities in the
two low and two high waters each lunar day (diurnal inequality). As the
moon crosses the equator in its orbit about the earth, this inequality is
at a minimum (equatorial tides) and as its declination, either north or
south, becomes greatest so does the diurnal inequality (tropic tides).

Maximum tide ranges occur when tw~o or more of these cycles are in
phase. A complete sequence of tide ranges is approximately repeated at
intervals of 19 years, which is known as a tidal epoch. At Sherwood
Island State Park Beaches, the mean range of tide and the mean spring
range of tide are estimated to be 7.0 feet and 8.0 feet, respectively (see
Figure 4-1 and Tidal Datum Planes paragraph). This estimate is based upon
currently available short term data from nearby National Ocean Survey
tidal benchmark locations. The variability of astronomical tide ranges is
a significant factor in tidal flooding potential.

TIDAL DATUM PLANES

Because of the continual variation in water level due to the tides,
several reference planes, called tidal datums, have been defined to serve
as a reference zero for measuring elevations of both land and water. The
most fundamental of these is mean sea level, abbreviated as MSL. Mean sea
level is defined as the arithmetic mean of hourly water elevations
observed over a specific 19-year metonic cycle (the National Tidal Datum
Epoch). The epoch currently in use for mean sea level determination in
the United States is 1941-59. Sea level is rising with respect to the
land along most of tl U.S. coast. In the study area, based on known
trends at neighboring National Ocean Survey primary tide gage sites, the
rise has been observed to be slightly less than 0.1 foot per decade. Sea
level determination is generally revised at intervals of about 25 years to
account for the changing sea level phenomenon.

Mean sea level is defined only for explicit locati.ons where suitable
tide records are available. A reference level that can be used as a zero-
base in elevation measurements, even whe'-e no tide records are available,
is needed for mapping and many other applications. Th~i reference Is
provided by the National Geodetic Vertical Datum of 1929 (NGVD), which was
established by overland geodetic surveys with the intention of having the
Geodetic Vertical Datum coincide with local mean sea level at 25 U.S. and
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Canadian tide stations. Geodetic surveys from the coast have been used to
* carry this datum to a network of benchmarks covering the United States.

Because sea levels have risen relative to the land, the NGVD is lower now
than the HSL most everywhere in the United States.

A third tidal datum, widely used by coastal engineers along the
Atlantic coast, is mean low water (MML). Mean low water is defined as the
arithmetic mean of low water water heights observed over a specific 19-
year metonic cycle (the National Tidal Datum Epoch). Like mean sea level,
mean low water is properly defined only for specific tide gage locations.
Mean low water is a useful datum for hydrographic surveys, particularly in
support of navigation where minimum water depth is the critical parameter.
At Sherwood Island State Park Beach, MLW is estimated to be 2.9 feet below
WGVD (see Figure 4-1).

The mean of the high water heights is defined similarly to MLW and is
called mean high water (MHW). Since MLW and MHW are more easily computed
than MSL, an approximation for MSL called mean tide level (MTL) is
frequently utilized. MTL is a tidal datum midway between MHW and MLW. At
the study site, MTL is about 0.6 foot above NGVD (see Figure 4-1).

When only the spring tides are considered, the mean of the spring low
water heights (MLWS) and the mean of the spring high water heights (MHWS)
can be determined. MLWS is about 0.3 foot below MLW (see Figure 4-1).

METEOROLOGICAL FACTORS

STORM TYPES

Two distinct types of storms, known as extratropical and tropical
cyclones, influence coastal processes in New England. These storms can
produce above normal water levels and must be recognized in studying New
England coastal problems.

Extratropical Cyclones - These are the most frequently occurring
variety of cyclones in New England. Low pressure centers frequently form
or intensify along the boundary between a cold dry continental air mass
and a warm moist marine air mass Just off the coast of Georgia or the
Carolinas and move northeastward more or less parallel to the coast.
These storms derive their energy from the temperature contrast between
cold and warm air masses. The organized circulation pattern associated
with this. type of storm may extend for 1,000 to 1,500 miles from the storm
center. The wind field in an extratropical cyclone is generally asymetric
with the highest winds in the northeastern quadrant. Since the storm
canter generally passes parallel and to the southeast of the New England
coastline, highest onshore wind speeds are generally from the northeast.
For this reason these storm are often called "nor'easters". As the storm
passes, local wind directions may vary from southeast to slightly west of
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north. Coastlines exposed to these winds can experience high waves and
extreme storm surge. The prime season for nor'easters in New England is
November through April.

Tropical Cyclones - These form in a warm moist air mass over a
tropical ocean. The air mass is nearly uniform in all directions from the
storm center. The energy for the storm is provided by the latent heat of
condensation. When the maximum wind speed in a tropical cyclone exceeds
75 mph, it is labeled a hurricane. Wind velocity at any position can be
estimated based upon the distance from the storm center and the forward
speed of the storm. The organized wind field may not extend more than 300
to 500 miles from the storm center. Recent hurricanes affecting New
England generally have crossed Long Island Sound and proceeded landward in
a generally northerly direction. However, hurricane tracts can be
erratic. The storms lose much of their strength after landfall. For this
reason the southern coast of New England experiences the greatest surge
and wave action from the strong southerly to easterly flowing hurricane
winds. However, on very rare occasions, reaches of coastline in northern
New England can experience some storm surge and wave action from the
weakened storm. The hurricane season in New England generally extends
from lugust through October.

GENERATION OF WAVES BY WIND

When a steady wind starts to blow over a calm body of water, waves
are developed. The wave height and period increases with the wind speed,
the duration of the wind and the distance (fetch) over which the wind
blows. The exact physics of the process are not yet fully understood, but
the foregoing statements are universally accepted. The wave height and
period may ultimately reach a maximum with duration or fetch of the
wind. The maintenance of wave gages near the coast during storms is
difficult, and it is nearly always necessary to use estimates of wave
conditions (wave "hindasts") based on available meteorological data to
obtain a substantial part of the wave estimates needed for engineering
analysis of processes and projects in the coastal zone.

WINDS

An estimate of wind speed is one of the essential ingredients in any
wave hindcasting effort. The most accurate estimate of winds at sea,
which can generate waves and propel them landward, is obtained by
utilizing isobars of barometric pressure recorded during a given storm.
However, actual recorded wind speed and direction data at land based
coastal meteorological stations can serve as a useful guide when more
locally generated waves and currents are of interest. The disadvantage of
using land based wind records is that they may not be totally indicative
of wind velocities at the sea-air interface where the waves ure
generated. However, often they are the only available source of
information.

0
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The National Weather Service has monitored wind speed and direction
at Bridgeport, Connecticut since.1947; this being the closest location to

W the project for which systematically recorded wind data is available.
Utilizing wind data recorded at Bridgeport in three hour intervals, the
percent occurrence of wind direction for various wind speed ranges has
been computed. Since only onshore vinds at Sherwood Island State Park
beach are of interest, the wind directions utilized in the study have been
limited to those between east (E) and vest-southwest (WSW). Thisaanalysis, the results of which are shown in Table 4-1(a), indicates that
the principal onshore wind Airection for the slower and intermediate a peed
winds (less than or equal td 25 mps) is from the SW to WSW. Higher vind
speeds (over 25 mps) are generally from the east. Overall, SW is the
principal onshore wind direction. The maximum speed was 57.5 mph from thb
E and WSW. Overall average speed is 11.5 mph. The percent occurrence of
wind speed and direction is shown in Figure 4-2. Table 4-1(b) shows the
resultant wind direction and percentage of observations for various wind
speed ranges. The resultant wind direction is a vector quantity computed
using the product of wind speed and direction. It is an indicator of net
air movement past a given location. Overall, the resultant wind direction
is from the SSW at the average resultant speed of 6.9 mph. The greatest
percentage of wind speeds Is shown to be in the 10 to 15 mph range.

Waves generated during coastal sforms are particularly potent as an
erosive force. Therefore, it is useful to examine wind conditions
occurring during past storms when estimating the severity of wave
conditions. Table 4-2 presents National Weather Service, tni-hourly wind
observations recorded at Bridgeport during days of storm induced tidal
flooding. It can be seen that the strongest winds recorded on these dates

* generally occurred between northeast and east. The highest speed listed,
51.5 mph from the east was recorded on 25 November 1950. It should be
noted that these values are based on tni-hourly observations, therefore,
the true daily maximum may be greater.

EFFECTS OF STORMS ON WATER-LEVELS

Three distinct processes may produce an increased water level near
the coast during storm~s.

THE INVERTED BAROMETER EFFECT

In the deep sea, a reduction in atmospheric pressure is accompanied
by a rise in the sea surface which will lead toward a constant pressure
level at some distance below the water surface. For equilibrium to be
achieved the water would have to rise about 13.25 inches for an atmos-
pheric pressure drop of 1 inch of mercury, the approximation of a 1-foot
rise in water level for a 1-inch fall in pressure is often used.
Nearshore boundary conditions at the bottom or sides may alter the
response of the sea to pressure changes so that the actual rise is
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generally lees than that indicated above, but it can be greater. This
tendency f or the water level to rise under low atmospheric pressure in
often called the "inverted barometer effect."

WIND SET-UP

Friction between the wind and the water surface generates a current,
which is initially parallel with the wind, but which, because of the
rotation of the earth, rotates toward the right with increasing time and
increasing depth, so that the water transport due to a steady wind on very
deep water is about 900 to the right of the wind. In shallow water, far
from the shore, the direction of the wind generated current differs little
f rom the direction of the wind. Near the shore the current is constrained
to flow parallel to the shore, but because of the earth's rotation, the
mean free surf ace slopes upward to the right of the vind. Thus both the
componenet of the wind that is directed onshore and the component that is
parallel to the shore, with the shore to the right, tends to produce above
noral water level. The direct effect, wind set-up, is inversely propor-
tional to the water depth. Thus the effect of a given wind velocity is
greater at low tide than at high tide and is limited to shallow waters
near the shore. The wind effect is approximately proportional to the
square of the wind speed.

WAVE SET-UP

The mean water velocity due to periodic waves vanishes beneath the
weve trough. Between the wave trough and the wave crest, however, there
ts Always net flow in the direction of wave propagation. The magnitude of
this flow is proportional to the square of the wave height, which In turn
Is a function of the fetch. Thus the mean current due to the waves
Increases sore or less continuously from deep water to the breaker zone,
thus producing a downward slope of the mean water surface from the region
in which the bottom begins to affect the waves to the breaker zone. The
wave amplitude must vanish in the region between the breakers and the
osae line, producing an upward slope of the water surface called the wave
set-up. The wave set-up is often steeper than the wind set-up, but it is
restricted to a such more narrow region near the shore.

The wave set-up is usually correlated with the wind set-up because
high winds and high waves are often correlated. However, the process of
wave generation extends much further seaward than the effective wind set-
up. Waves can travel as swells far from their region of generation. Thus
wave set-up can occur in the absence of wind or even with an adverse wind.

The combined effects of winds, atmospheric pressure and wave set-up
on the water level are often called the storm surge. The cot- bution due
to wave set-up is often neglected.
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OCOMBINED EFFECTS OF ASTRONOMICAL -IDES AND STORM SURGE ON
WATER LEVEL

GENERAL

The combined effect of astronomical tides and storm surge is
reflected in actual tide gage measurements. Since the astronomical tide
is so variable at the study area, the time of occurrence of the storm
surge greatly affects the magnitude of the resulting tidal flood level. A
storm surge of 3 feet occurring at low astronomic tide would not produce
as high a water level as would be produced if it occurred at high tide.
It is important to note that the storm surge Itself varies with time thus
introducing another variable into the make-up of the total flood tide.

SUMMARY OF EXTREME HIGH TIDES AT BRIDGEPORT

The National Ocean Survey (NO) has systematically recorded actual
tide heights at Bridgeport, Connecticut since 1968. The record prior to
that time was developed utilizing staff gage measurements taken by the
Bridgeport Harbormaster, recording tide gage readings taken at Bridgeport
by the Corps of Engineers, high water marks observed at Bridgeport, and
records of the NOS recording tide gage at New London which is stage-
related to Bridgeport. Maximm observed stillwater tide heights (measure-
ments taken In protected areas using a device in which waves are dampened
out) recorded up to 1975 are shown in Table 4-3. Also explained are the
tide heights with an adjustment applied to account for the effect of
rising sea level (see Tidal Datum Paragraph). The three highest observed
tide levels listed were all caused by hurricanes, while the lesser tide
levels were caused by both tropical and extratropical coastal storm.
This clearly shows the extratropical storm as the prevalent type of storm
affecting the study area. However, the most severe flooding Is caused by
hurricanes.

TIDAL FLOOD FREQUENCY

Adjusted annual mEimum stillwater tide heights have been utilized to
develop tide stage-frequency relationships at Bridgeport and other
locations in Long Island Sound where suitable tide data is available.
These Pearson Type III distribution functions for expected probability
have been used to develop flood profiles for the Sound (see Tidal Flood
Profiles paragraph). By utilizing these profiles, the tidal flood
frequency relationship for Sherwood Island has been estimated (see Figure
4-3).

TIDAL FLOOD PROFILES

Profiles of major tidal flooding events have been developed along the
New England coast. 905 tide gage records and high water marks gathered
between gage locations after major storms have been utilized in the
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development of these prof iies. Additionally, profiles of stor, tides of J
selected frequencies have been developed utilizing frequency distributions
at tide gages and high water mark information. Location maps and profiles
for the reach of New England coast bounding Westport are shown on Plates
4-3 through 4-6,

CONSIDERED PLANS

Every effort was made to Involve the public on all levels, Including
The National Marine Fisheries Service; The Fish and Wildlife Service; The
State of Connecticut, Department of Parks and Recreation; The Office of State
Environmental Protection, The Westport, Connecticut, Selectmen; other
State departments; and concerned citizens of Compo Cove beach. This was
accomplished through personal visits and regular meetings throughout the
course of the study. Of the four considered plans, three consisted of
beach widening with three different level beach berm widths and one a
shore management plan. These plans are discussed in detail in Appendix 2.

DESIGN TIDE

The design tide elevation selected for the West Beach at Sherwood
Island State Park Is 11.0 feet above mean low water (4.0 feet above mean
high water). This tide is estimated to occur with a frequency of once
in two years. It was selected as the maxism level that should be
considered.

DESIGN WAVE

The design wave is a 6.0-foot high breaking wave. It is the largest
significant wave height that is expected to occur at the site. It was
used for the design of the groin structure and the sandfill. The design
wave was determined by application of Equations (1) and (2) as recomended
in coastal Engineering Technical Note 1-6, Revised Method for Wave
Forecasting in shallow Waters, dated March 1981. Table 4-4 Is a summary
of Information pertinent to the selection of the design wave. Sherwood
Island's West Beach is exposed to direct wave attack from the ESE through
the SSW. In addition, diffracted waves originating from the east also
attacked the beach. Fetch distances vary from 12.5 to 50 miles. Long
Island limits the fetch distances for waves approaching the beach.
Therefore, the West Beach Is not subject to open ocean wave attack. The
water depth varies considerably throughout Long Island Sound. Therefore,
the depths shown in Table 4-4 are considered representative for their
respective directions from the beach, A wind velocity of 40 mph was
chosen for the design wind speed because that is the highest sustained 0
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speed which is likely to occur in this area. Higher velocities do occur,
but either the wind direction or speed is not maintained. Calculated
durations required to build the signficiant wave height and significant
wave height range from a low of 4.0 feet from the south to a high of 8.5
feet from the east. A diffraction analysis was completed for the 8.5 foot
wave from the east. A diffraction diagram is shown on Plate 4-2. The

diffracted wave height at the head of the groin structure is less than 2.0
feet. Therefore, the 6.0 foot, 5.0 second was from the ESE was chosen as
the design wave for the groin structure and sandfill.

The erosion of a beach is caused by waves and currents acting in the
surf zone. There is a need for wind, wave and nearshore current data in
order to describe the sand transport process in the surf zone and to
design coastal structures that are functionally and structurally success-
ful. A technique for gathering this data is known as the Littoral
Environmental Observation (LEO) Program.

The LEO Program provides data on nearshore waves, longshore and rip
currents, wind conditions, and beach conditions. It also provides data
for estimating longshore sand movement and for the preliminary design of
coastal projects. Visual measurements are taken of breaker height, wave
period, direction of wave approach, wind speed, wind direction, longshore
current velocity, beach slope, and whether or not beach cusps and rip
currents are present. This data is obtained using inexpensive equipment
such as a wind meter for wind speed, a hand level for the foreshore slope
and a dye to measure current speed and direction. These tests are
conducted at the same time each day and at the same location without
regard to the tide stage. The data that is collected relates longshore
sand transport with wave conditions and allows a computation of sand
transport based on longshore current velocities. This data will provide a
good general picture of the physical environment at a site.

GROIN DESIGN

DESIGN PARAMETERS

following criteria:

1. Stillwater elevation of 11.0 feet above mean low water.

2. Side slopes of I vertical on 1.5 horizontal.

3. 6.0-foot breaking wave (entire structure).
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4. KD coefficient of 2.0.

5. Stone unit weight of 165 pcf.

WEIGHTS OF STONE

The minimum weight of armor stone was determined from the following
formula:

W/- krH3  ,

KD(Sr-1)3 cot 0

where:

W - the weight of the armor stone, in pounds.

Wr - the unit weight of stone, in pcf.

KD - a dimensionless, experimental coefficient.

H - the design wave height, in feet.

Sr w the specific gravity of the armor stone relative to

seawater (- Wrl
W

Ww - the unit weight of seawater, 64 pef.

9 - the angle of the structure's side slopes measured from the
horizontal, in degrees

The armor stone will range from 1.25 to 2,0 tons with 75Z of the
total weight composed of stones weighing 1.5 tons or more. The core and
bedding stone will be composed of assorted sizes of stone up to 400 pounds
with 50Z of the total weight composed of stones weighing 300 pounds or
more.

CONSTRUCTAB IL I TY
I

The height of the groin is so low that construction of a two layer
thickness of armor stone would require a considerable amount of underwater
excavation in varying water depths. Most of this newly placed stone would
be covered over with sandfill for the beach berm and slope. In order to
eliminate this expensive excavation and additional stone, the armor layer
will be only one stone width in thickness, 3.5 feet. To insure the
stability of the structure, the K! valve haj been decreased as recommended
in the Shore Protection Manual. A K!) valve of 2.0 for the strucure head

0,
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__ was used. Additionally, in order to simplify construction of the groin
U and because there is only one relatively short structure, the entire

length will be composed of the same weights of armor stone. That is, the
ese stone weights that are required for the head of the structure will be
used for the trunk. This will reduce the number of different weight
classifications ofstone and, at the same time provide a larger factor of
safety for most of the structures length to help offset possible effects
of the one armor stone layer thickness.

4 1 WAVE RUNUP

Computations for wave run up were made for storms that would occur at
the design stiliwater elevation of 11.0 feet above mean low water. A
design slope of 1 vertical on 15 horizontal was used for the beach face
based on recent surveys that showed this as the average slope that occurs
naturally on the beach. Wave run up was computed and is expected to
exceed the beach berm elevation of 12.0 feet MLW by 0.5 feet. This
overtopping is not expected to cause any serious erosion of beach material

primarily because of the addition of the low-profile groin structure.
There could be some minor redistribution of sandf ill but the material is
expected to remain within the developed berm area. This is possible due
to the ability of the existing west groin and the new low-profile to
compartmentalize the beach and, therefore, reduce the alongshore and
offshore losses.

GROIN CREST WIDTH, LENGTH, AND ELEVATION

The top width of the groin structure will be 10.0 feet for the entire
460 feet. The structure will extend beyond the toe of the proposed sand-
f ill approximately 25 feet. The elevation of the seaward 100 feet of the
structure will be at elevation 4.5 feet MLW and the landward 240 feet will
be at elevation 12.0 feet MLW. The transition between these elevations
will be approximately 120 feet long. The elevation of the head of the
structure was designed to withstand the forces of the design wave and to
provide a stable structure. The structure, also will compartmentalize the
placed sandf ill. The existing groin structure, located at the west limit
of the study, was built in a similar manner and has functioned satis-
factorily for the past 25 years. The 12.0 feet MLW elevation of the land-
ward end of the structure was chosen to coincidei with the top elevation
of the proposed sandf ill and the slope of the transition will be the top

- - I elevation of the proposed sandf ill. (See Plate 4-1.)

The landward portion of the existing structure (approximately 250
feet), located at the west limit of the beach will be lowered to elevation
13.0 feet MIN. The exact length will be determined during plans and
specifications.
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State Department of Environmental Protection is planning to dredge. A
small amount of the dredged material may be placed on the private Compo
Beach; the remaining material could be used as a base or underlayer on
West Beach, if it is environmentally acceptable. This dredged material,
if placed on West Beach, will be covered with approximately 4.0 to 6.0
feet of a better quality material from a nearby land source.

This method of construction has been coordinated with the U.S. Army
Coastal Engineering Research Center, Washington, D.C. A determination of
whether or not to use this method of sandfill placement will be made prior
to construction. The State of Connecticut has addressed the impacts of
the offshore borrow area in their Environmental Impact Evaluation. Any
cost reduction in the placement of sandfill on the beach between land-
based sandfill and offshore sandfill will be included at the time of final
plans and specifications.

The slope of the seaward face of the proposed sandfill was selected
to be I vertical on 15 horizontal. This was selected in part because the
slope of the existing intertidal zone varies considerably and is similar
to other stable beaches In the area. The proposed beachfill will be of a
better quality material than that which is already there, therefore, a
steeper slope will be more stable for this -41mate. The horizontal level
beach berm elevation of 12.0 feet above mean low water is the maximum
practical elevation commensurate with the design stillwater elevation and
wave run up and the natural backshore area.

The proposed slope is considered consistent with the natural slope;
however, with the use of a better quality material, the beachfill could be
placed on a slightly steeper slope within the tidal range and the wave
action during construction will be allowed to distribute the material
naturally. During construction the natural wave action will distribute
the fill material as it is placed in the intertidal zone. Therefore, it
was necessary to calculate sand volumes baed on a profile that was
considered consistent with the movement of material during the time of
construction. Additional material is included in the estimated cubic yards
of placed material to allow for losses during construction. Also included
in the estimated cost Is a contingency factor to allow for unexpected over
runs. A construction profile is not included in this report because it
has been our experience that the losses due to this wave action are not
significant with the placement of a better quality beachfill material.

The sandfill should, within practical limits of the availability in
the area, have a median diameter between 0.35 mm. and 1.0 us. Not more
than 5.0 percent of the material should be retained on the number 4 U.S.
standard sieve and no more than 5.0 percent should be allowed to pass
through the number 200 sieve. The material should also be uniformly
graded; that is all the particles should have sizes that are close to the
typical size. This gradation of sand is within the accepted criteria as
set forth in the 1977 "Shore Protection Manual" for medium beach sand
which is satisfactory to stabilize the beach and is well suited for beach

0
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bathing purposes. Our preliminary sampling of the nearby land source pita
indicates that material with these characteristics is available.

During construction, every precaution will be taken to assure that
the contractor piaces the specified quality of sand on the beach. This
will be accomplished by frequent sampling and testing of the material
during construction. This in turn will reduce the Impact in the offshore
area. The sandf ill should be placed during the months of April through
June. No sand should be placed during the summer or winter months.

PERIODIC NOURISHMENT

Federal participation in the cost of periodic beach nourishment Is
recommended f or the 50-year period of analysis. The project is designed
with one low-profile groin structure to be used to compartmentalize the
sandf ill but not to interrupt the alongshore movement of littoral
material. By periodically nourishing the beach, )roject alignment can be
maintained and normal onshore and offshore losses that occur can be
replaced. The cost of this nourishment will be shared on the same basis
as the initial project cost sharing; that is 70 percent Federal and 30
percent non-Federal, not to exceed $1,000,000 of Federal project cost.

COST APPORTILONMENT

Federal participation in the costs of beach erosion control projects
is based on shore ownership and use. Public-owned shore park and conser-
vation areas are eligible for Federal cost sharing up to 70 percent of the
construction cost providing the following criteria are met:

a.Must be publicly owned.

:so It includes a zone extending landward from the mean low water
ln which includes all permanent human habitation but not including the

residences of park administrative and maintenance personnel.

c. It includes a beach suitable for recreational use.

d. It provides for preservation, conservation and development of the
natural resources of the environment in accordance with the overall
mission or purpose of the park.

e. Extend landward a sufficient distance to include protective
dunes, bluffs or other natural features to absorb and dissipate wave
energy and flooding effects of the design storm tide.
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f. It provides essentially full park facilities for appropriate

Vpublic use.

Sherwood Island State Park West Beach satisfies all of the above

criteria, and therefore, is eligible for 70 percent Federal and 30 percent

non-Federal cost sharing.

The apportionment of cost between Federal and non-Federal interests

for the proposed improvement and periodic nourishment will be 70 percent

and 30 percent, respectively. The apportionment of costs for the four

considered plans are stmmarized in Tables 4-5 and 4-6 of this section.

The currently estimated first cost of the selected plan at the current

interest rate of 7 3/8 percent is $960,000. The Federal share of this
cost is $672,000.

The apportionment of the first cost, annual charges and the cost of

periodic nourishment for the selected plan are displayed below.

SHERWOOD ISLAND
PLAN 3 - 200' BERN

FIRST COST

Sandfill 90,000 cy(1 ) @ $7.00/cy $630,000
Groin

Armor 2,200 tons @ $25.00/ton 55,000

Core 1,500 tons @ $20.00/ton 30,000
Subtotal $715,000

Contingencies 143 000
Subtotal 1858,000

Engineering and Design 42,000
Subtotal $900,000

Supervision and Administration 50,000

Subtotal $950,000

Lowering Existing Groin (L.S.) 10,000

TOTAL FIRST COST $960,000

(1) Includes the quantities for first year of periodic nourishment

COST SHARING

Federal Share (70%) $672,000

Non-Federal Share (30Z) $288,000
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Periodic Nourishment for 49 Years of 50 Years Life of Project
$21,000/yr.

*Federal Share (70%) $ 720,300

Non-Federal Share (30%) 308,700
$1,029,000 1,029,000

TOTAL PROJECT COST $1,989,000

ANNUAL CHARGES
Federal Investment

Interest - 0.07375 X $672,000 $ 49,500
Amortization 0.00216 X $672,000 1,600
Periodic Nourishment - Sandfill 2,100 cy @ $7.00/cy 14,700

Total Federal $ 65,800
Non-Federal Investment

Interest - 0.07375 X $288,000 $ 21,300
Amortization 0.00216 X $288,000 600
Periodic Nourishment - Sandfill 900 cy @ $7.00/cy 6,300
Groins, Maintenance 40 tons @ $25.00/ton 1000

Total Non-Federal $ 29,200

TOTAL ANNUAL CHARGES $ 95,000

* The Federal share in periodic nourishment, construction, and study
costs for the period of analysis; cannot exceed the $1,000,000 Federal
limitation. Current estimates indicate that approximately $200,000
is available for the Federal share in the periodic nourishment.
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FIGURE 4- -.1S
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FIGURE 4-Z2
* BRIDGEPORT, CONNECTICUT
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TABLE 4-2

aBRIDGEPORT, CONNECTICUTNATIONAL WEATHER SERVICE
TRI-HOURLY WIND OBSERVATIONS
DAYS OF MAXIMUM TIDAL FLOODS

Maxlmum
Date Speed Direction

(mph)

21 Sep 38* -
31 Aug 54 33.4 NE
14 Sep 44* -
25 Nov 50 57.5 E
7 Nov 53 28.8 NE

12 Sep 60 39.1 NW
14 Oct 55 46.0 ENE
19 Feb 60 34.5 WNW
12 Nov 68 43.7 ENE
13 Apr 61 51.8 E

6 Mar 62 42.6 E
30 Nov 44* -
4 Apr 73 43.7 E

20 Mar 58 28.8 NE
21 Sep 61 46.0 NE

10 Nov 62 31.1 E
16 Feb 58 40.3 E
31 Oct 47 29.9 NNE
12 Mar 59 35.7 E
14 Feb 60 40.3 WNW

19 Feb 72 31.1 NE
26 Dec 69 36.8 ENE
2 Dec 74 29.9 ENE

19 Mar 61 13.8 ENE
16 Sep 71 9.2 SSE

29 Dec 66 25.3 WNW
27 Nov 40* -
29 Nov 45* -
8 Dec 50* 27.6 E
4 Feb 61 34.5 NE

*Wind data not available

(Events are listed in order of decreasing stillwater tide level
to conform with Table 4-3).
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TABLE 4-3

BRIDGEPORT, CONNECTICUT
MAXIMUM OBSERVED TIDE LEVELS

(1938 - 1975)

Observed Stillwater Adjusted* Recurrence**
(feElt. o NGVD)v(t. o InterDa

Date EletonGD Eletio Inerva

21 Sep 1938 (Hurricane) 9.2 9.6 56
31 Aug 1954 (Hurricane-Carol) 9.2 9.4 40
14 Sep 1944 (Hurricane) 8.8 9.1 28
25 Nov 1950 8.8 9.0 23
7 Nov 1953 8.6 8.8 18

12 Sep 1960 (Hurricane-Donna) 8.2 8.3 9
14 Oct 1955 7.9 8.1 7
19 Feb 1960 7.9 8.0 6
12 Nov 1968 7.8 7.9 5
13 Apr 1961 7.7 7.8 4

6 Mar 1962 7.7 7.8 4
30 Nov 1944 7.4 7.7 4
4 Apr 1973 7.4 7.4 3

20 Mar 1958 7.3 7.4 3
21 Sep 1961 (Hurricane-Esther) 7.3 7.4 3

10 Nov 1962 7.3 7.4 3
16 Feb 1958 7.3 7.4 3
31 Oct 1947 7.2 7.4 3
12 Mar 1959 7.2 7.3 2
14 Feb 1960 7.2 7.3 2

19 Feb 1972 7.3 7.3 2
26 Dec 1969 7.2 7.3 2
2 Dec 1974 7.2 7.2 2

19 Mar 1961 7.1 7.2 2
16 Sep 1971 7.1 7.1 2

29 Dec 1966 7.0 7.1 2
27 Nov 1940 6.8 7.1 2
29 Nov 1945 6.8 7.1 2
*8 Dec 1950 6.8 7.0 2
4 Feb 1961 6.8 6.9 2

*Observed value. after adjustment for rising sea level; adjustment
made to 1975 sea level conditions based on NOS publication "Trends
and Variability of Yearly Mean Sea Level, 1893-1972".

**Based upon Pearson Type III expected probability tide stage-frequency
relationship for Bridgeport, determined for the adjusted annual maxiium
stilivater tide levels. APpendix 4
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TABLE 4-6
COST APPORTIONMENT FOR CONSIDERED PLANS

SHERWOOD ISLAND 70-30 COST SURING
PLAN BERM

WIDTH $ COST SHARING $ C $ PERIODIC NOURTSHMRNT

FEDERAL NON-FED FEDERAL NON-FED ERAT NON-FE

200 583,000 250,000 72,000 31,000 35,280 15,120

225 663,000 284,000 118,000 50,500 88,200 37,800

250 768,500 329,500 188,000 80,500 170,520 73,080

200 586,500 251,500 72,500 31,000 35,280 15,120

225 666,500 285,500 118,000 51,000 88,200 37,800

250 772,500 331,000 188,500 80,500 170,520 73,080

200 672,000 288,000 65,800 29,200 14,700 6,300

225 765,000 327,500 104,000 49,000 58,800 25,200

250 880,000 377,000 157,000 79,000 117,600 50,400- -

N/A 53,500 23,000 7,500 3,200 0.0 4,200

*-Lump Sum Quantities based on 1981 Levels.
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COASTAL PROCESSES

GEOLOGY OF THE SITE AND SURROUNDING AREA

This appendix will discuss the geological setting of the study area
with special emphasis on natural processes affecting the coastline.
Included in the discussion will be a description of the geology of the
site and surrounding area, a description of the existing coastline, the
nature and effect of coastal processes impacting the study area, and a
description of the changes the shoreline has undergone as a result of both
natural forces and the effects of articlcal modifications such as groins
and sand nourislment. The purpose of this section is to afford a better
understanding of the results of past coastline modifications and the
reasons, benefits, and limitations of proposed future modifications.

OVERVIEW

The embayed and Irregular low lying coastline of Connecticut along
Long Island Sound Is a result of several processes and events occurring
over a long span of geologic time. The bedrock of the region consists of
a complex series of igneous metamorphic rocks. These crystalline basement
rocks are overlain by glacially derived sands, gravels, silts, and clays
of variable distribution and thicknesses. A portion of the unconsolidated
sediments of glacial origin were reworked and redistributed by the sea as
it advanced inland due to a slow rise in sea level. The several beaches,
spits, bars, and marshes located along the shoreline were formed by the
action of winds, waves, and currents, which transported and deposited the
unconsolidated material. The deposits mapped in the vicinity of Sherwood
Island State Park consist of rounded low hills of till, flat lying
stratified deposits of sand and gravel of glaciofluvial origin, tidal
marsh deposits, and recent beach and shore deposits of gravel and sand.
The beaches originated as barrier beaches formed by an encroaching sea.
Tidal marshes formed In a quiet environment behind the barrier beaches.
The configuration of the beaches and the rest of the local coastline is
constantly changing In response to the natural influence of wind, wave,
tides and currents, as well as artifically Imposed factors such as groins,
revetments, jetties, and sand placmnt on beaches.

BEDROCK GEOLOGY

The geology of the Sherwood Point quadrangle has not been mapped in
detail. Sufficient mapping has been accomplished on the adjacent
quadrangles of Norwalk South and Bridgeport, however, to allow the
geologic history and lithology of the area to be confidently inferred.
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During met of geologic time the southwestern portion of Connecticut
was subjected to repeated sequences of uplift, erosion, and deposition.
The sediments formed In such a manner were subsequently intruded by molten
rock material and folded, contorted, and metamorphosed by strong forces
within the earth. This sequence of sedimentary and i&.eous rock formation
accompanied by uplift, intense deformation, and metaorphism was repeated
several times during the Paleozoic era, which began 600 million years ago
and eanded about 200 million years ago. A sequence of faulting and minor
igneous intrusions during the early part of the Mesozoic era signaled the
end to this long peirod of intense geologic activity.

An extensive period of weathering and erosion followed the emplace-
meut of the Paleozoic bedrock. The sediments formed at this time
lithified as an Irregular planar surface sloping southeasterly in the
vicinity of Long Island Sound. Later uplift and subsequent erosion
removed this rock material from the study area and the bedrock remaining
In the area consisted of utamorphic guelsses and schists called the
Hartland formation. Further weathering and erosion ensued and much of the
rock which once occupied Long Island Sound was removed and the valley or
depression now occupied by the Sound was formed. Further erosion of the
coastal area was stopped by a worldwide climatic change which began about
2 million years ago and which Initiated the flow of great masses of
glacial ice over New England and such of the upper portion of north
America. It is the results of this period of glaciation or "ice age"
which has had the most profound and most Imediate effect on the coastal
geology of the Sherwood Island State Park area.

SURFICIAL GEOLOGY

The surficial geology of Sherwood Point, just as the bedrock geology
has not been mapped other then on a reconnaissance level. Sufficient
surficial mapping has been accomplished however, on nearby areas to allow
confident inferences to be made of the nature and distribution of the
sediments present and their geological history. Approximately 2 million
years ago, at the beginning of the Pleistocene Epoch the earth's climate
became cooler and the first ti a series of ice sheet advances and retreats
began. Ice, several thousand feet thick, spread slowly over much of North
America Including Now Ugland and reaching as far south as at least Long
Island. Due to a rising of the earth's temperature, the ice began to malt
and the margln of the Ice sheet retreated to the north. This sequence of
advance and retreat occurred at least 4 times with the last, called the
Wisconsin Stage, beginning approximately 80 thousand years ago. Each
stage of glaciation removed, changed and reworked the sediments and land
form -produced by the precedifg stage. Thus, only the land form produced
by Wiscosin glaciation are much in evidence today.
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The effects of this glaciation were both erosional and depositional.
As the Wisconsin ice sheet advanced over the land it eroded and sculptured

Uthe bedrock surface as it picked up, removed, and transported large
amounts of rock material in the process. As rising temperatures brought
on an end to the advance of Wisconsin Ice approximately 15 thousand years
ago, the large volume of sedimentary material incorporated in the ice
began to be deposited as the ice sheet melted and retreated. This
sediment, lying on the rather flat gently sloping bedrock surface of the
Hartland formation, was then reworked and shaped by winds and waves to
form the coastal lands of the study area.

The Wisconsin ice sheet reached its maximum extent of southward
movement approximately along the line which includes Long Island, Block
Island, Martha's Vineyard, and Nantucket. The climate was such that the
margin of the ice sheet remained at this equilibrium position for a few
thousand years laying down large amounts of mixed rock material ranging in
sise from clay to boulders. This material, called till, formed ridge
shaped terminal moraines which in turn formed the "backbones" of the
islands just mentioned. With increased climatic warming, the ice sheet
began to retreat from the area leaving a blanket of thinner deposits of
both till and stratified drift on the land that it had covered. There is
evidence to suggest that the retreating ice margin paused and a small
recessional moraine was deposited just south of the study area forming
what are today known as the Norwalk Islands. Following that relatively
short pause, the ice margin continued to retreat and left irregular
deposits of both till and stratified silts, sands, and gravels in the
vicinity of the present day Sherwood Point. Sea level at the time of the
deposition of these sediments had declined markedly (up to -400 feet) due
to the formation of glacial ice. The shoreline at that time was therefore
many miles seaward of its present day location.

Following the retreat of ice from the area the exposed glacial
deposits were subjected to weathering and erosion prior to submergence
from the rising sea. It is entirely possible that many of the south
flowing streams in the area, such as the Norwalk and Saugatuck River and
possibly smaller streams, such as Muddy Brook flowing into Sherwood Mill
Pond and Green Farms Creek flowing to the inlet at Burial Beach, are
remnants of larger streams which cut channels into the fresh glacial
deposits. There is speculation that the tongues of mud found south of
Compo Island may represent a channel filling of a postglacial stream.
After an undetermined but relatively short period of time, the sea level
rose in response to glacial melting and the shoreline advanced inland.
The previously exposed irregular surface of glacial till and stratified
drift became submerged and Long Island Sound was formed. The coastline of

. Sherwood Point and vicinity marks the present day limit of the advancing
shoreline. Submergence is continuous however, and with time this'1 shore.ine will continue to advance inland.
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The unconsolidated sediments in the study area consist of in-place
and reworked till, glaciofluvial sands and gravels, and postglacial
marshes and beach deposits. A sketch map of the surficial geology, as
inferred from reconnaissance reports and adjacent quadrangle mapping, is
seen in Plate 5-1.

The till deposits are unsorted, unstratified mixtures of boulders,
gravel, sand silt, and clay. These sediments were deposited directly f ron
the melting, ice as opposed to being deposited from streams flowing from
the melting ice. This till, called ground moraine in such of the liters-
ture of the area, mantles the irregular bedrock surface discontinuously
and is found generally less than 20 feet thick in adjacent quadrangles.
The deposits of ground moraine covering low bedrock hills make up the
highest topographic features of the study area. The glaciofluvial
deposits are stratified sands and gravels which have been deposited by
selt water streams, either directly in contact with the ice or in front
(south) of the retreating ice sheet as outwash deposits. These sediments
are found commonly as aprons and probably overlying the lower elevations
of the hills of ground moraine.

The topography and sediment distribution of the area immediately
following deglaciation is not known, but it was probably characterised by
low hills of till with stratified sands and gravels of glaclofluvial
origin in the valleys and lowlands between the hills. As sea level rose
and the shoreline progressed inland some of the unconsolidated sediments
were reworked and redistributed by winds, waves, and currents. This
reworked material was then deposited as a relatively thin covering on the
glacial sediments. In some places, however, the postglacial gravel sands
and muds have been measured at up to 50 feet thick and more. Since the
preglacial bedrock surface slopes in an irregular fashion to the south,
the glacial and postglacial sediments in Long Island Sound become
progressively thicker towards the south.

Sea level has been rising at varying rates in the area since
deglaciation occurred approximately 15 thousand years ago. The present
rate of sea level rise has been estimated by the comittee on Tidal
Hydraulics, U.S. Army, Corps of Engineers, at approximately one quarter of
an inch per year. As the sea encroached over the land the sediments were
redistributed with a finer sied material being deposited in quiet low
energy areas such as deeper water offshore environments or in nearshore
bays and inlets protected by barrier beaches of some kind. The coarser
materials, sands and gravels, are deposited In areas characterixed by
higher energy environments such as the beaches and the area immedlately
offshore of the beaches.

Mixtures of sand and gravel or sand and mud are the predominant
sediment types in the study area and offshore area. The generalized
distribution Is as follows: gravel or a mixture of sand and gravel on the
beach, sand on the nearshore area, and deposits of sand and mud or sand
and gravel further offshore. Mud occurs in local deeper areas offshore
and in the marsh areas.
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The evolution of the present coastline (excluding the structural and
nonstructural modifications recently placed in the area) can be recon-
structed from a study of the existing topography and shoreline. Althoughto conjectural, the sequence of events as here described is sufficiently
accurate in principle to serve as an aid in the understanding of the
coastal geology of the Sherwood Island State Park area. A line of
discontinuous barrier beaches situated offshore from the present beach
characterized the area several hundreds of years ago. Between this line
of barrier beaches and the mainland (now approximately marked by the east-rf
west line of the Connecticut Tu~iapike) there vas a shallow lagoon
inhabitated by several islands rising as rounded hills from the water.
Streams such as Muddy Brook and Green Farm Creek, flowed into this
protected water. Tidal currents, overwash and general wave movement
transported fine material into the lagoon which settled out in this low
energy quiet environment. This accumulation of mud and silt was somewhat
augmented by deposits of silt and mud from streams flowing from the main
land into the lagoon. With time, sufficient thicknesses of mud
accumulated to support vegetation and a tidal marsh began to form. Wave
action and the effect of rising sea level moved the barrier beaches inland
and the marsh land continued to develop and form. As the migrating
beaches encroached upon an island in the lagoon, the inland progress of
the beach at that point slowed markedly relative to those portions of the
beach on either side of the island. Thiaaction formed shallow headlands,
such as Sherwood point. Marsh deposits continued to form in back of the
barrier beaches until most of the lagoon was filled with peat and other
marsh deposits. The locat~ion 3f low hills of glacial till present in the
area, such as Compo Hill and the unnamed l~ow hill on which the road In
Sherwood Island State Park are located, influenced the position of the
linear present day beach. The other main influence on the shape of the
barrier beach was longahore transport which formed spite and elongated the
beach area. These processes continued and shaped the coastline that
existed prior to man's modification of the area. Simply stated, the study
area coastline was characterized by a barrier beach Interrupted by
occasional stream channels and shaped into cusps with low hills consisting
predominately of glacial till with some bedrock control forming the
points. Longshore transport also contributed to the shape of the beach by
moving sand and forming spits.

PRESENT COASTLINE

OVERVIEW

This section will describe the physical features of the coastline as
it exists today. Beach width, sediment composition, and slopes of beach
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profiles are displayed in Table 5-I. The hydrology of the area Including
surface streams and Sherwood Mill Pond will be described. Special
reference will be made to the effects of tidal changes on the ill Pond.

BEACH DESCRIPTION

For purposes of this report the beach in the study area is divided
into the following segments: East Beach, Sherwood Point, Vest Beach (east
and west parts), and Compo Cove Beach. The description of each segment
will include the width of the beach above mean high water, the width
between mean low water and mean high water, and the composition of the
beach material. Additionally the slope of each beach will be siven in
three parts extending seaward; beach face slope, near inshore shelf, and
inshore. The length of profile extends 900 feet seaward from the base-
line. The length of each segment of beach will also be specified. The
data for each of these parameters, for the years 1949, 1974, and 1980, is
shown in Table 5-1.

HYDROLOGY

SURFACZ STRZAMS

Two tidal stream, Muddy Brook and Green Farm Creek, are present in
the study area. Both stream drain relatively small inland lowland '
areas The sediment discharge of both is Insignificant except in times of
flood. Muddy Brook drains into Sherwood Mill Pond and Green Farm Creek
drains into Long Island Sound at the site of the two traininS walls at the
east end of Est Beach.

SHZR1OOD MILL POND

The Kill Pond was created in the 1800's by the damming up of Muddy
Brook which extends about four miles in a northerly direction. Two tidal
Sates control the flow with one of the gates being cemented closed in the
early 1960's. Photo 16 shows the tidal gates.

The pond bottom Is generally flat, suggesting that prior to the
damming of Muddy Brook, the area now occupied by the pond was part of the
low lying marsh system found in such of the area landward of the barrier
beach. With reference to mean low water the elevation of the pond bottom
Is approximately +5 feet, and in the deeper channel area the elevation
drops to +1 foot, and in the shoal areas near the outlet the elevations
range from +5 to +6 feet.

0 
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A comparison of present a4d past elevations (Corps of Engineers,
1949) suggests that the southvstern portion of the pond has filled almost

U I foot with sediment brought 14 from Compo Cove and from eutrophic deposi-
tion. Sand deposits in the southern section of the pond, sampled in 1979,
are similar to those found in ihe lower foreshore and nearshore areas of
the beaches in the study area.! A sample deemed representative of the
northern and western portions of the pond is composed primarily of silt
and clay, indicative of either the prepond marsh stratigraphy or of more
recent eutrophication in the pond.

The pond serves as a basin for the drainage of Muddy Brook. The pond
is connected to the sea through the tidal gates opening to Compo Cove and
through Burial Creek (called Mill Creek on the U.S. Geological Survey
topographic map of the area). A tidal flood cycle is followed in which
water enters the mill pond from Long Island Sound once the tide of the
Sound rises above the level of the pond. This flood continues until the
ebb tide brings the level of the Sound below that of the pond. At this
point the pond discharges into the Sound until a rising tide once again
reaches and exceeds the level in the pond and the cycle starts anew. The
majority of the exchange of water takes place through the outlet to Compo
Cove. Field measurements have suggested that approximately 88 percent of
the pond tidal prism entering the mill pond is exchanged (or "new") water
from Long Island Sound. It has been estimated that there is a 68 percent
flushing rate at spring tide, 26 percent flushing rate at mean tide, and a
very low flushing rate at neap tide. Drainage from Muddy Brook is only
significant after periods of heavy rainfall.

COASTAL PROCESSES IMPACTING THE STUDY AREA

OVERVIEW

The forces of winds, waves, tides, and currents are the natural
elements working to modify and reshape the configuration of the coastline
at Sherwood Island State Park. This section will describe each of these
elements as they occur in the vicinity of the study area. The effects of
these forces on the erosion, deposition, and general sediment transport in
the study area will also be discussed.

WINDS

Waves affecting beach erosion and sand movement at Sherwood Island
are primarily icaused by wind. Wind waves are influenced by the following

/
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three factors: wind velocity, fetch (length of open water over which wind
blows), and wind duration. Generally speaking the longer the fetch, the
stronger the wndj and the longer the wind blows the larger are the )
resultant waves.

Because of the location of Long Island to the south and the mainland
to the vast, Sherwood Island i affected by a relatively long fetch only
from an easterly direction. The fetch distance-wind direction relation-
ship for the study area is sumarized below.

Direction Fetch In Miles

last 45

Southeast 20

South 10

Southwest 20

An index of wave effectiveness with respect to beach erosion can be
formulated by multiplying the fetch distance by percent of total wind
activity (Ellis-1960). The wind directions and percentages of occurrence
for the onshore winds in the Bridgeport area can be used to calculate the
wind effective indices for Sherwood Island. This information is presented
below.

Compass Percentage of Fetch Relative Effective
Direction Total Onshore Wind In miles Wind Index

(From Tidal" Hydrology
Appendix 4)

Nast 17 45 765

Southeast 12 20 246

South 22 10 220

Southwest 31 20 620

Further analysis of wind direction, discussed in detail In the Tidal
Rydrology Section of Appendix 4, shows that the principal wind direction
for slower and Intermediate speed winds (lse than or equal to 25 miles
per bour(aph)) is from the southwest to wast-southwest. The principal
wind direction for higher windspeeds (over 25 mph) are from the east. The
principal overall direction of onshore winds is from the southwest. The
resultant wind direction, a vector quantity computed using the product of
wind speed sad direction, Is from the south-southwest with an average
resultant speed of 6.9 mph. The greatest percentage of windspeads is In
the 10-13 sqb range.
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- The above analysis shows quite clearly that the major storm winds
* with the greatest erosion effective index are from the east. Although

relatively infrequent, the evidence strongly suggests that easterly winds
are the dominant sediment transport force in the area causing longshore
movement of sand in a westerly direction. The vinds from the south and
southwest, although prevailing, are less effective as erosional forces due
to considerations of fetch distance and shoreline configuration.

The principal effect of wind on the study area is the formation of
waves and currents which move and redistribute the sand and by doing so
contribute to the reshaping of the beach. Although the preceding
discussion has been limited to an analysis of the onshore wind, a study of
all wind in the area shows the overall prevailing wind direction to be
off shore. Therefore, some offshore movement of fines due to the wind is
to be expected, but there is no data to suggest whether or not the
movement is significant. Storm winds are also responsible for storm
surges. in that the effect of storm surges is directly related to the
tide levels, any discussion of storm surges will be included in the
section on tides.

WAVES

The size of waves is a function of the fetch distance, water depth,
and magnitude and duration of sustained wind velocity. Sherwood Island
State Park is located so that swells Of significant height do not encroach
upon the study area. The waves are almost exclusively generated by local
winds and are normally small. Studies in 1959 reported that waves at

Burial Hill Beach on the eastern side of the study averaged 0.78 feet in

height and 2.85 seconds in period.I
Use of deepwater forecasting curves from Volume 1 of the 1977 edition

of the Shore Protection Manual furnished the following wave heights and
period data for various combinations of wind velocity and fetch
characteristics of the Sherwood Island area.

Fetch in Wind Velocity Wave Period Wave HMight
Nautical Miles in MPH in Seconds in Feet

50 22 4.8 4.7

28 5.5 6.3

35 6.3 8.4

28 22 4.3 3.8

28 4.9 5.0

35 5.6 6.6
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(Theme figaree assume a steady wind of between 4 to A boars

Thes figure support the inferences of the previous paragraph on
wid which, quantifying fatch-rind velocity relationships, suggest that
the eaterly winds although infrequent are the datnsnt force in a
sediment transport In the area, and thus a generally westerly sediment
movent is to be expected. The southerly winds are much sore constant,
hoever, and will certainly also have a significant effect on sand
movment in the area. These factors will be discussed further in the
Section titled, "Shoreline Changes."

The effect and role of waves in erosion and sand movement on the
coast have been studied. One of the areas of investigation has been the
construction of wave orthogonals from different directions and for
different wave periods. These orthogonal studies have suggested that the
waves approaching from the east produce the strongest westerly littoral
movement. The effect of this easterly movement is most apparent along
West Beach. There is soe littoral movement, to a lesser extent, along
Zast Beach. The influence of waves approaching from the southeast Is
8sidlar but less intense than waves approaching from the east.

Waves approaching from the south encroach on both &st Beach and West
beach in an almost shore norel fashion. There Is then little drift
generated by waves approaching from the south on either Vast or West
Beache. Wave orthogonals draw for waves approaching from the southwest
show a slight tendency for easterly drift on East Beach. Tese &ame
orthogonals suggest that there is a slight divergence of littoral drift on
Wast Beach with the eastern half of West Beach being subjected to a sligbt
easterly drift and the western part of West Beach being subjected a slght
westerly drift. The slight easterly drift suggested by the orthogonels at
the eastern part of West Beach umay very wall be partially responsible for
the deposition of the bulge of sand found quite prominently on the eastern
part of West leach.

In sumry it ts apparent that westward drift affects all beaches

of Shaxwood State Park when they are under the influence of easterly
generated waves, especially storm waves. The quieter but more prevailing
wiads from the south and southwest tend to either have a very minor
easterly drift effect on beaches or, in the case of waves approaching from
the southest, a slight westerly drift. On lest Beach the westerly drift
generated by the infrequent easterly waves is probably balanced off by
slight easterly drift generated by the prevailing south-southeasterly and
soutmstarly winds. The eroesion of est Beach is characterized by
predomieantly westward movement generated by easterly waves and, in the
west part, by waves generating from the southwst.

0
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The wave refraction analysis also indicates various types of sub-
stantial movements in the Immediate vicinity of Sherwood Point. Analysis
of waves approaching from the south indicate a strong convergence at the
point with a rapid erosion and offshore movement, and a strong alongshore
movement for a short distance to the east and west of the point.

TIDES

The movement of water due to tidal forces results in some transport
of beach material within the study area. Although relatively minor sand
movement occurs on broad beach faces as a result of tidal motion, more
significant sand transport is seen in the vicinity of inlets. The tidal
range Is significant when considering the erosion and sand transport due
to storm. Storm surges coinciding with high tides usually result in
significantly more beach erosion than those occurring at low tide. A more
detailed list of still water tidal levels may be found in the Engineering
Appendix.

The mean tidal range in the study area is 7 feet with the spring and
neap tidal ranges being 8 feet and 5.8 feet, respectively. These figures
were supplied from 1980 tide tables.

Storm tidal surges with elevations of 3 feet or more above mean high
water have a reoccurrence frequency of almost once per year. Stronger
storm that produce higher tidal surges usually follow generally northerly
tracts, which bring them over the eastern entrance to Long Island Sound.
They are usually slow moving and thus allow storm surges to last through
one or more complete tidal cycles. The storm surges resulting from the
storm (hurricane and strong northeasters) become progressively higher
from east to west.

The magnitude and frequency of occurrence of tidal surges associated
with large storms affecting the study area are tabulated in Table 5-2

The sediment transport associated with storm tidal surges is usually
significant and under most circumstances results in erosion of the beach.
One estimate of erosion to depth of 4 feet within the surf zone near
normal high tide level was projected for a storm wave of 10.5 feet above
mean low water (7.6 feet NGVD) (Corps of Engineers, 1974). This amount of
erosion should be viewed as a rather coiion occurrence since the wave of
10.5 feet above mean low water (7.6 feet NGVD) is estimated to occur
approximately once every two years. Iroon rates from storm surges of
lower frequency events, especially at high tide, would be correspondingly
higher. It should be mentioned that although storm tidal surges usually
cause beach erosion, there have been storm events that have caused beaches
to accrete. No data is available for the study area regarding the effect
of strong tidal surge heights on specific quantities of sediment
transport.
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Tidal rise and fall of the water surface results in tidal currents of )
water moving on and offshore. This movement is significant generally with
respect to inlet areas and specific to the study area because of the
inlets at lurial Kill Creek and Oherwood mll Pond. A LagranSin current
survey was performed in April 1979 (FGA, 1980) for flood tidal currents in
the vicinity of Burial H11 Creek and for about 1/2 mile offshore of the
western part of the study area. From just east of Sherwood Point to a
point directly offshore from Coupo Cove. A survey of ebb tidal currents
was performed in nearshore wter, along the line from the middle of gast
leach to CoPO Cove.

The flood tidal currents measured off Burial Hill Creek were
relatively weak, with speeds of 0.1 to 0.4 feet per second. The current
direction was shoreward reflecting the Inflow to the creek. The direction
of the flood current for 1,000 feet on either side of the creek entrance
was also shore normal. Although no ebb tidal currents were measured in
this area, the stability of the beach suggests that the current motion
occurring as the Lide ebbs might also be shore normal. Such a condition
would not contribute to any significant longshore transport. Send
movement would be in equilibrium and confined to a rather steady state of
offshore and onshore notion.

A strong westward moving flood tide current approximately 2,000 feat
off of West Reach was measured. The velocity of the current ranged from
0.9 to 1.0 feet per second offshore from Sherwood Point and diminished to
the west. Closer inshore, a weaker current with velocities averaging from
0.1 to 0.2 feet per second was observed trending northeast to east north-
east. This current most likely represents an eddy forming in the lee of
the point and possibly indicates the presence of eddys of other currents
in the area. The existence of this current tends to support the conten-
tion made in the section on waves that eddy currents in the lea of the
point from waves generated by easterly winds may be largely responsible
for the deposition of the lobe or bulge of sands referred to previously.

CURRENTS

Observations have shown that the currents which have significant
impact on beach morphology in the study area are predominantly wave
induced longshore currents. Tidal currents mot probably transport some
sand but either the motion is off and onshore or the current is too Weak
to be sigalficast (see ection on tidal currents inmdiately preceeding
this section). The one exception to this condition is at the mouth of
ferwod Hill Pond. bidonce there suggests that flood tidal currents are
bringing material into the pond area near the tidal gates and producing
shoaling from a flood tide delta.

0
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The dominant currents are wind and wave induced. Orthogonal plots
for waves advancing from the east to southwest directions have beenS diagrammed and are presented on Plates 1-6 through 1-9. The plots show
quite clearly that waves coming from the south and southwest strike both
East and West Beaches in a near beach normal fashion. Waves approaching
from the southwest effect some slight component of littoral drift. There
is a slight easterly component of drift on East Beach. On West Beach,
there is a slight easterly drift component on the east side and a slight
westerly drift component on the west side.

Waves approaching from the east and southeast directions approach the
shorefront at oblique angles which range from acute at West Beach and
Compo Cove Beach to more normal but still somewhat oblique at East
Beach. The more easterly the wave direction, the more oblique the angle
on both beaches, longshore current moving parallel to the beach front in
the same general direction as the incoming wave. These currents move sand
which was put into prior movement (bedload or suspension) by the breaking
waves at the surf zone. The result is a net sediment transport along the
shore in the same direction as the longshore current. A

j As was previously discussed in another section, the wind directions

affecting the study area are limited to the east through southwest. The
prevailing winds are from the south and southwest and the dominant winds
are from the east.

The bulk of shoreline sediment movement along the study area coast
occurs during the infrequent wind generated storm waves rather than during
the normal fair weather conditions. It is apparent from a study of wave
directions that a dominant westerly longshore transport of sand occurs
along West Beach (and Copo Cove Beach) and only a slight westerly
component at ast Beach. This slight westerly component may very well be
neutralized by the slight easterly drift resulting from waves coming from
the southwest direction. Superimposed on this general picture is the eddy

*! effect on the west side of the Sherwood Point, which may produce the lobe
of sand observed there and the effects of any structures built in the area

vs such as groins or jetties. These will be discussed later in the report.

SHORELINE CHANGES

OVERVIEW

As a result of the various coastal processes described earlier acting
on the shoreline, the configuration of the coastline and the shape of the
beaches are constantly changing. Sand movement is continual whether It be
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shore normal In the surf zone, alongshore littoral drift, or movement
further offshore. In addition to the natural processes occurring, the
several modifications to the coastal system such s sand and nourishment,
revetments, groins, and small Jetties all result in shoreline changes.
The changes In beach width, depth profiles, and quantitative amounts of
sand moved will be discussed In this section.

EROSION RATE

In describing the changes in the study area the beaches will be
subdivided Into the same three areas as previously discussed: last Beach,
Sherwood Point, and West Beach. Shoreline configurations surveys were
made of the beaches In 1955, 1957 (following construction), 1971, and
1960. These surveys have been used to document the shoreline changes over
the past 25 years and to make estimates of rates of beach erosion. The
information Is presented in Table 5-3.

VOLUME TRANSPORT

EAST BRACH

Immediately following the sand nourishment program of 1957, East
leach Improved with substantial accretion of sand. Between 1962 and 1971
there was a small amount of erosion of sand above the high waterline and
from 1971 to 1979 there was approximately the same amount of accretion.
Thore Is then net accretion of sand on East Beach following the sand
nourishment program of 1957. East Beach has suffered some net erosion on
its east end, since 1957, (in the lee of the training wall) and west end
(as It merges with the point), but the overall result has been net
accretion of sand above the mean high water level. Further, the sand
appears to be in a state of dynamic equilibrium with minor losses due to
erosion being balanced by additions of approximately the same magnitude.

The quantative amounts of this sand volumne-transport, as gained from
profiles of 1957, 1962, 1971, and 1979 are tabulated below.

1957-62 +22.7 thousand cubic yards

1962-71 -3.9 thousand cubic yards

1971-1979 +3,3 thousand cubic yards

WE +22.1 thousand cubic yards
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* SHERWOOD POINT

The point has generally undergone rather rapid erosion and only
structural modification such as the present revetment has allowed the
point to maintain its present shape. Volumetric change of the "beach"
(mostly rock) above mean high water as gained from 1957, 1962, 1971, and
1979 surveys are:

1957-1962 - 11.1 thousand cubic yards

1962-1971 - 6.5 thousand cubic yards

1971-1979 + 1.4 thousand cubic yards (result of 1976
revetment)

WEST BEACH

Following the 1957 program of sand nourishment, West Beach, as did
all the segments of beach front in the study area, underwent marked
accretion. Since that time, however, the West Beach area has suffered
substantial erosion. A section of the beach, extending for approximately
800 feet immediately east of the existing groin strucutre, has continued
to accrete as a result of vestward moving littoral drift being trapped by
the structure. The remainder of West Beach, extending approximately 1,000
feet to just west of Sherwood Point, has undergone erosion, at places
severe, sufficient to account for a net overall erosion figure for the
entire West Beach.

The quantitative values for sand volume transport on West Beach were
gained from surveys in 1957, 1962, 1971, and 1980. For purposes of this
discussion, transport figures for the "East Segment" of West Beach were
taken between profiles 14-15. and 15-16o The "West Segment" of West Beach
comprises profiles 16-17. U1-18, and 18-19. The sand volume transport for
West Beach is displayed below.
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Above MW to Below
Date MW MLV MLW NET

-- -,;Voluse changes in cubic yards X1O00) -

West Beach
1957-1962 +22.2 +1.8 +21.0 +45.0

West Beach1962-1971 -0.8 -14.0 -9.0 -31.0

1971-80
Eat Segmnt -8.7 -3.24 -4.3 -16,2
West Segment +1._6 +0.08 +2.7 + 4.3

TOTAL WEST BZACH -7.1 -3.2 -1.6 -11.9

West Beach

1957-80 +7.1 -15.4 +10.4 +2.1

When comparing the 1957-80 changes with those from 1957-1962, it is
readily apparent that the entire Vest Beach is undergoing significant
losses doe to erosion. Between 1962 and 1980 there was a lose of 15,000
cubic yards above mean high water, 17,000 cubic yards between MW and XLV
and 11,000 cubic yards below MI. All that remains from the Initial
accretion following sand nourishment in 1957 in the zone below MLV is a
thin covering of sand approxmately 3-1/2" thick.

OFFSHORE CHANGES

BUthyetric Profiles for 1835, 1883, 1916, 1933, 1971, and 1980 in
the vicinity of the study area are used to compile information regarding
offshore changes. Data for the 6', 12', and 18' depth contours (5, 10,
and 15 feet for 1979) are displayed in tabular form, in Table 5-4, for the
three previously defined segments of the beach.

EFFECTS OF STRUCTURAL MODIFICATIONS

The shoreline changes discussed in detail above are the result of a
general pattern of the forces of wind and wave actions on the particular
configuration of the segments of the coastline of Sherwood Island State
Park. last Beach is oriented normal to the prevailing wind and, thus, Is
not affected such by waves from that direction. The infrequent occurrence
of bih energ waves from the east does cause sediment transport to the
wst bet this, ever since the revetment of Sherwood Point, has been offset
or balanced by the lower in magnitude but higher frequency southwesterly
winds. In short, last Beach Is now stable, West Beach Is In an unstable
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configuration and longshore transport occurs under conditions of both the
dominant and prevailing winds. The almost continuous sediment movement is
attempting to realign the beach to a more stable configuration similar to
the orientation of East Beach. This realignment is helped significantly
by the sand trapping capacity of the groin at the west end of West
Beach. In addition to the deposition and realignment occurring at its
west end, West Beach is also undergoing limited depostion at its east end
as the result of eddys forming in the lee of the point.

This pattern is present today and is the result primarily of natural
forces. Modifications have been made to the coastline over the past 25
years and they have impacted upon development of the present day coastline
and the current pattern of erosion and deposition. The several modifica-
tions to the beach will be discussed along with the effect of these
modifications on the shoreline.

Sand Nourishment - 1957 - Sand was applied to East and West Beaches
in 1957 so as to widen the beaches to 150 feet along 6,000 feet of shore-
line. In addition sand was stockpiled by the placement of sand to an
additional 100 feet for 1,000 feet east and west of the point. The
general westward sediment transport characteristic of the study area
rather quickly removed significant amounts of this nourishment sand.
Other than temporarily slowing the normal rate of erosion of the park's
shoreline, the sand nourishment modification had little effect on the
area. The nourishment did, however, significantly contribute to the
shoaling of Compo Cove and most probably, through flood tidal deltas, to
the shoaling of the Sherwood Mill Pond near the tide gates.

Western Groin - 1957 - The groin constructed at the west border of
the park in 1957 was 500 feet long at an elevation of 12 feet, (11 feet
above MLW). Although this structure did trap some sand, it was low enough
to allow sand to be tra .sported past it through the mechanism of wind
movement and wave ov -;pping. It was thus a part of the equilibrium
process.

West Groin Modification - 1976 - The landward portion of the groin
was raised to an elevation of 21 feet in 1976. The most serious effect of
this modification was the cessation of westerly sediment transport. The
groin was high enough to stop all the sand from moving westward along West
Beach and onto the small portion of State beach and Compo Mill Beach.
With the sand supply to this area cut off, erosion of the beach began. By
1977 the eastern side of this area had experienced "severe erosion" and
the Connecticut Department of Environmental Protection placed large stones
and boulders in front of the houses of the Coupo Mill Beach residents in
order to prevent damage to the structures.

Point Revetment - 1976 - In 1976 Sherwood Point was extended 250 feet
and armored. As a result, sand which had been drifting, although in

9' relatively minor amounts, westward from East Beach was constrained to
remain on East Beach, thus stabilisng East Beach. The east end of West
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Beach lost more sand between 1971-1979 than betweewn 1957-1962 and it is
entirely possible that the construction of the revetment contributed to )
this increased rate of erosion.

A second effect of the revetment was the stabilization of Sherwood
Point. Prior to 1971 the rate of erosion at the point was 15 feet/year
and since 1976 the point has been stable.

A third possible effect of the revetment was an increase in the eddy
effect of westward moving waves and thus increasing deposition in the lee
of the point. The bulge, prominent on the east end of West Beach was not
present in the 1971 NW survey but Is noticeable in the 1980 survey.

PROPOSED ALTERNATIVES

OVERVIEW

When veiwed from the perspective of geologic tine, the dominant
trends in shoreline change that have been occurring for thousands of years
will continue. The shoreline will slowly advance inland and the dominant
sediment transport will continue from east to west. Certain carefully
considered shoreline modifications can, however, allow us to derive
msximm benefits from the present day coastline and can slow the rate of
natural changes to allow a long-term recreational use of the area. This
section will discuss the lapact of the proposed alternatives on the study
area. The impacts predicted are based upon the relationship between the
given alternative and the patterns of shoreline processes discussed
previously.

IMPACTS OF PROPOSED ALTERNATIVES ON THE COASTLINE OF THE

STUDY AREA

NO ACTION

Under the no action plan, eie study area would continue to dete-
riorate resulting in the loss of beach space and damage to the recrea-
tional area. Since East Beach is presently in a stable condition, erosion
there would proceed very slowly and would most likely no' become signifi-
cant for many years. Sherwood Point would continue to quffer damage to
the rock revetment which, when breached, would result in renewed rapid
erosion of the area near the park headquarters and pavillion. West Beach
would undergo rapid and severe erosion at its east end. The pre-1957
condition of this beach segment was described as boulders and cobbles
above high water and shingle and marsh below high water. This portion of
the beach will certainly return to this condition if no action is taken.
The west portion of West Beach will accrete until the groin there has
filled to maximum capacity. Once that maximum capcity is reached, any
sand remaining on West Beach (other than that trapped by the groin) will
be transported west of the groin by an as yet undetermined process of
offshore movement.
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PROPOSED PLANS

Four plans of modification were selected for comparison. Each of the
plans will be described along with a discussion of the impacts of various
elements of each plan on the shoreline of the study area.

Plan 1 - This plan consists of widening the existing beach by the
direct placement of suitable sandfill along approximately 1,800 feet of
shoreline extending from the east limit of study at Sherwood Point to the
west limit of study at the existing Federal groin structure.

This beach nourishment plan would have the effect of replacing sand
lost since the last major nourishment, which occurred in 1957, and
creating a safe and aesthetically pleasing beach. Unless other
modifications were constructed or a program of sand renourishment was
undertaken, the beach would quickly lose most of this sand in a manner
similar to that which occurred following the 1957 nourishment.

Plan 2 - This plan consists of widening the existing beach by the
direct placement of suitable sandfill along approximately 1,800 feet of
shoreline within the project limits, and lowering the landward end of the
existing Federal groin structure.

One new element is included in this plan; lowering of the landward
end of the existing Federal groin structure. This section would allow
sand transport over the groin by the action of wave overtopping. Some of
the sand now held by the present higher structure would be lost. Bowever,
the beach on the up-drift side of the groin would rather quickly realign
itself to be more in natural equilibrium with the existing wind and wave
forces, and thus should become stable without futher significant loss of

sand, providing a source remained further up-drift. In short, the lower
groin would allow some sand transport to the west out of the study area,
but this movement is more in agreement with the natural processes acting
on the area, and as long as a sand nourishment program was continued, the
beach should remain stable after an initial readjustment.

Plan 3 - This plan consists of widening the existing beach by the
direct placement of suitable sandfill along approximately 1,800 feet of
shoreline within the project limits, lowering the landward end of the
existing Federal groin structure, and constructing a low-profile groin
structure located between Sherwood Point and the Federal groin structure.

The construction of a low-profile groin structure located between
Sherwood Point and the existing Federal groin structure is the one new
element of this plan. The new groin will be constructed so that it is
parallel to the existing groin and thus necessarily oblique to the shore-
line. It Is anticipated that the proposed groin will trap sufficient sand
moving westward from the vicinity of the point to form a stable beach
between the groin and the "bulge" now prominently seen just west of
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Sherwood Point. The configuration of sand now trapped by the existing
groin suggests strongly that the shoreline of the new beach formed east of
the proposed groin will approach an ENE-WSW bearing more similar to East
Beach than the NW-SE trend of the existing shoreline. The beach formed
between the two groins will be similar to the beach now existing on the
updrift side of the existing groin. The low profile of the proposed groin
should allow sufficient sand to move over it during wave ovetopping to
nourish and balance the sand leaving this beach through wave overtopping
at the west (existing) groin. It is anticipated, therefore, that the
beach now present updrift of the existing west groin will not be substan-
tially altered from its present state. There may be some accretion at Its
east end which will align its shoreface slightly more to the ENE-WSW.
When both segments of the beach finish adjusting to the construction of
the new groin, they both will be aligned more parallel to the present East
Beach than they are at present. Since this groin will be low profile,
overtopping and sand transport will occur. This groin will be part of the
dyanaic equilibrium sand transport process in the study area rather than a
total barrier to it.

Plan 4 - This plan consists of the formulation and Implemntion of
shore management planning guidelines. Also included is the restoration of
the backshore dune at the western portion of West Beach, and grass
planting and controlling access to maintain and preserve the dune. This
plan will certainly have a favorable, positive impact on the beach and
backshore facilities. The careful management of this area will result in
less cultural erosion and better protection of the shoreline. The restor-
ation of the dune will serve to conserve the sand in the area and may
serve as a protective barrier in case of extraordinarily large storm
waves.

This plan would lose such of its effectiveness if it were considered
as the only plan of Improvement in the area. It is best viewed as a plan
to complement and serve as support for other alternatives proposed in this
report.

SUMMARY

Several geologic and coastal processes are of special engineering
significance to the study area. A description and discusslon of these
factors will serve as a summary to this appendix.

GEOLOGY OF THE AREA

Sherwood Island State Park and adjacent areas are composed of
unconsolidated silts, sands and gravels of glacial origin lying over an
irregular bedrock surface. With local exceptions, the bedrock exerts
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little control on the topography of the land or shape of the coastline.
The coastal area is subject to rather rapid erosion due to the unconsoli-
dated nature of the sediments which compose it. Without the present and
considered beach Improvement modifications, there Is no doubt that the
entire coastline of the study area and adjacent areas would suffer severe
erosion.

SHORELINE CONFIGURATION

East Beach is oriented such that most waves approach It in a near-
shore normal direction. Only the more infrequent storm waves approaching
from the east, and the less intense but more conon waves from the south-
west, strike East Beach at a sufficient angle to cause some longehore
transport. The directions of lonShsore transport in each case are
opposing, however, and tend to cancel each other out. This is especially
true since the construction of the extension of the revetment at Sherwood
Point which blocks any sand from moving to the western part of the area.
East Beach is considered stable within the range of the project life.

West Beach is oriented significantly different than East Bach. At
West Beach, higher energy waves from the east and southeast approach In
such a fashion as to cause substantial longshore transport in a westerly
direction. This has the effect of producing significant erosion to West
Beach, especially in the central part. The extended and reveted point
blocks the sand on the East Beach from being transported westerly. Any
sand moved from West Beach by longshore transport is not replaced and
consequent erosion takes place.

WIND AND WAVE DIRECTION

The dominant onshore winds are easterly and the prevailing onshore
winds are from the south and south west. The more powerful waves approach
from the east and move considerable amounts of sediment or West Beach in a
westerly direction.

CURRENTS

Longshore currents resulting from waves approaching the shore at an
oblique angle are the only currents performing significant sedlemnt
movement in the study area. The winds and waves characteristic of the
study area dictate that the dominant longsbore transport direction is from
east to west.

0
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STRUCTURAL MODIFICATIONS

Superimposed over the natural geologic and coastal processes
described above are the effects of the three modifications performed in
the area.

Sand nourishment in 1957 did not effect the natural processes
occurring in the area. The nourLshmet did provide temporary recreational
beaches at the point and West Beach and a more stable beach area at East
Beach. The sand applied at the point and on much of West Beach v's
severely eroded and those areas continued to undergo significant
deterioration. The sand transported westerly, has contributed to the
shoaling of Compo Cove.

The extension and revetment of Sherwood Point has served to stabilize
east Beach blocking any movement of send westerly off the beach. The

extended point has also contributed to the erosion of West Beach by
cutting off ast Beach as a source of sand supply for West Beach.

The groin, at the west end of West Beach, has served to trap sand
being moved in a westerly direction by longshore transport. When first
constructed in 1957, the groin was low enough to allow sand bypass through
wind and wave overtopping. In 1976 an inshore portion of the groin was
raised sufficiently to block any sand bypass. Imediately, the beach on
the downdrift side of the groin, a segment of State land and Compo Cove
Beach (private), underwent substantial erosion and has continued so until
the present day.

It is apparent that none of the modifications structured or applied
to West Beach area have been entirely successful. The alternative
modifications proposed in this report, in concert with the geologic
coastal processes acting in the area, are anticipated to produce enhanced
and safe recreational beach areas for the life of the project.

,appendi 5
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TABLE 5-1

DESCRIPTION OF EXISTING COASTL

LOCATION EAST BEACH SHERWOOD POINT * WEST BEACH -

YEAR 1949 1974 1980 1949 1974 1980 1949 1974

BEACH WIDTH (FT.) 50-75 70-100 70-100 0 0
(above MHW) 0-50 0

BEACH WIDTH T.) 50-200 60-220 80-300 250 210 0 50-200 50-200
(MLW - MHW)

boulders cobbles

COMkOSITION coarse sand coarse to very very armored and and

(above MHW) sand and medium rocky rocky stone cobbles rocks

and sand sand
gravel pebbles and

gravel

COMPOSITION cobbles coobles, fine sans
(below MHW) to gravel and N/A N/A N/A shingle shinglmarsh

shingle, gravel,
some cobbles
boulders, at east
fine sand and
offshore west endi

SLOPE-Beachface N/A 1/10 1/10-1/14 N/A 1/30 N/A U/A 1/20
/60-poin

SLOPE-Nearshore N/A 1/100 1/100 N/A 1/100- N/A /A 1/100
,_____ oblicue -.-

SLOPE-Inshore N/A 1/40 N/A N/A 1/60 N/A HA 1/60

*600 feet west o

**extending from

-- T
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TABLE 5-1

EPTION OF EXISTING COASTLINE

* WEST BEACH - East Segment **WEST BEACH - West Segment COMPO COVE BEACH

1949 1974 1980 1949 1974 1980 1949 1974 1980

0-50 0 80 50-75 100-180 20-220 0-50 N/A minimal

150-east 150-east
50-200 50-200 50-200 100-300 150-220 180-280 1,000-west N/A 1,000-west

boulders cobbles medium fine sandy medium east end- N/A medium
ed and and sand, sand to boulders, to

cobbles rocks cobbles coarse shingle fine sand

and sand cobbles
shingle west end-

medium
sand

shingle shingle cobbles shingle gravel fine east end- N/4i east end-

marsh and to and sand boulders, cobbles

shingle fine cobbles shingle and

sand with marsh bedrock
sand west end- west end-

fine sand, fine sand
s° Rhingli

N/A 1/20 1/20 1/20 1/30 N/A N/A 1/14

N/ndu tory

A /A 1/100 1/100 N/A 1/100 1/100 N/A N/A ow slope

- 1 N/A 1/60 N/A N4/A 1/60 N/A N/A N/A N/A

*600 feet west of point in 1974 report, 1,500 feet west of point in 1949 report
Appendix 5
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TABLE 5-2

MAGNITUDE AND FREQUENCY OF OCCURRENCE OF TIDAL SURGES

SURGE HEIGHT
OBSERVED
STILLWATER ADJUSTED REOCCURRENCE

TYPE OF ELEVATION ELEVATION INTERVAL
STORMC DATE (Fr. KGVD) (FT. NGVD) (YEARS)

Hurricane 21 Sept 1938 9.2 9.6 1/50

Hurricane 31 Aug 1954 9.2 9.4 1140

Hurricane 14 Sept 1944 8.8 9.1 1/151

Storm 25 Nov 1950 8.8 9.0 1/15

Storm 7 Nov 1953 8.6 8.8 1/12

Hurricane 12 Sept 1960 8.2 8.3 1/10

Storm 14 Oct 1955 7.9 8.1 116

Storm 19 Feb 1960 7.9 8.0 115

Storm 12 Nov 1968 7.8 7.9 1/5

Storm 13 Apr 1961 7.7 7.8 1/4

Storm Ordinary 7.1

Appendix 5
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TABLE 5-3a

AVERAGE BEACH WIDTHS OVER THE PAST 25 YEARS

_ _ _ YEAR__

LOCATION 1955 1957 1971 1980
(survey) (after const.) (survey) (survey)

East Beach 30 feet 170 feet 115 feet 100-125 feet

*Sherwood Point 0 feet 190 feet 150 feet N/A

(eastern extremity)

*Sherwood Point 100 feet 340 feet 100 feet N/A
Point

*Sherood20 feet 230 feet 000 feet N/A

(western extremity) e

West Beach 20 feet 230 feet 180 feet 25 feet
(east end)

West Beach 20 feet N/A N/A 0 feet
(center)

West Beach 20 feet 150 feet 260 feet 100 feet
(west end)

* Sbewood Point includes 600 feet east and west of point. 5-26
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TABLE 5-3b

S AVERAGE RATES OF EROSION OVER THE PAST 25 YEARS

EAST BEACH

Average rate of erosion for 1957-1971 - 4 feet/year
Average rate of erosion for 1971-1980 - stable

SHERWOOD POINT

Average rate of erosion for 1957-1971 - 15 feet/year
Average rate of erosion after 1976 construction - stable

WEST BEACH (east)

Average rate of erosion for 1957-197 1 - 3.5-4 ft/yr
Average rate of erosion for 1971-1980 - 10 feet/year

WEST BEACH (west)

Average rate of erosion for 1957-1971 -- 8 feet/year
(this is actually accretion)

Average rate of erosion for 1971-1980 - 4 feet/year

NOTES: An average rate of 6-7 feet per year
Since 1971 is applied to the entire West Beach

An average rate of 3-4 feet per year from 1971 to 1980 is
applied to the entire West Beach

* Appendix 5
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______EAST BEACH POINT ~ WEST BEACH

6 feet Erosion to 1916

stable to 1980 erosion eroding to
_______to 1916 1916

18 feet Fluctuation to 1971 Accretion General accretion
stable to 1980 since 1971 except in

reflecting eastern section
modification where fluctuation

occurs

Appendix 5
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TABLE 5-5

SL414ARY OF BEACH CHANGES

SHORELINE ACHANG] S

Period East Beach Sherwood Point West Beach (east) West Beach (west

Erosion Rapid erosion Erosion Accretion
1957-1971 4 feet/year 15 feet/year 3.5-4.0 ft/yr 8 ft/yr

Stable Erosion Erosion
1971-presen Stable (since 1976) 10 ft/year 4 ft/yr

SAND VOLUME TRANSPORT (XIO00 cu. yds.)

Period East Beach Sherwood Point West Beach (east West Beach (west)

1957-1962 Gain 22. 7 Loss 11.1 Gain 45

1962-1979 Loss 3.9 Loss 6.5 Loss 31

1971-1980 Gain 3.3 Gain 1.4 Loss 16.2 Gain 4.3

Net Gain 22.1 N/A Gain 2.1

OFFSHORE CHANGES

.. Period East Beach West Beach West Beach (east & west)

6 foot- erosion General
, ,12 foot- erosion

1916 12 foot-erosion erosion to1 8 f o t e o i n 1 9 1 6
io General erosion to 1916 then

general accretion except in
- - .-- eastern extremity where fluctu-

6 foot- stable Accretation has occurred
12 foot- stable Acretion

'1916-1980 18 foot- stable Since 1971
1ft b (structural)

Appendix 5
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SURFICIAL GEOLOGY
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RECREATION AND NATURAL RESOURCES

The Sherwood Island State Park area is presently one of Connecticut's
largest and most popular recreational areas. The attendance of this area
tripled following the construction of a beach erosion project in 1957.
The area has presently returned to its pre-construction condition and the
attendance is steadily decreasing. This section of the report will
discuss the recreational and natural resources needs of the beach.

RECREATIONAL RESOURCES

This recreational facility is the western most of Connecticut's three
state-owned beaches. Only 6 percent of Connecticut's shoreline is made up
of public recreational beach. Sherwood Island caters almost exclusively
to the very heavy populated southwest Connecticut and New York Metro-
politan areas. Bordering land is made up of a resort and residential
area. Prior to a project done in 1957 Sherwood Island had a very small

* iattendance rate. This attendance was due to the coarse nature of most of
the beach, which could not compare with the town beaches and Hammonasset
State Beach.

Swimming, although one of the most popular summertime sports, is not
the only activity available at the park. Ample picnic tables, ball
playing areas, and large grassy sunning areas are also available in
addition to the beach. Rough measures of the areas used for walking,

picnicing, and other forms of recreational activities total about 6
million square feet. At the present there are ample parking and sanitary
facilities available at the park.

PROBLEMS AND NEEDS

The problem at Sherwood Island is the lack of sufficient recreational
beach area. There is a need for an improved existing saltwater bathing
beach area. Although the surrounding area has several town beaches within
its limits, Sherwood Island has the only major recreational park beaches
in the area. These beaches are used frequently and often become
overcrowded on warm summr days. The lack of usable dry beach space is
primarily attributed to constant erosion of the shore by winter storm and
occasional hurricanes. Even though this area is protected by Long Island,
annual storms that occur in this area are still a major problem.

To preserve and protect this natural resource and provide the people
of this area with a healthy recreational area, a program of beach restora-
tion and periodic sand nourishment should be developed with Federal

0
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participation. This would provide for the general public, a continued
recreational saltwater bathing facility in the Westport area. It would
also guarantee locals that the coat of this periodic beach nourishment for
the 50-year period of analysis will be cost-shared by the Federal
governiment.

NATURAL RESOURCES
Sherwood Island State Park ts presently a popular area for

recreational sport fishing, awimlng, picnicing, and sunbathing.

In the Sherwood Island area, there are many form of vegetation
Including grass, shrub, and tree species, typical of the Com.cticut
coastal environment. This vegetation is suitable habitat for rodents and
several avian spicies. Waterfowl In this area include sea ducks, geese,
brant, and coot.

Shellfish in the Westport-Long Island soyjud region include oysters,
hard- and soft-shell clams, and bay scallops There Is a small colony of
clam , mussels, and snails located in the area to be filled. This area Is
not considered viable resource since mst of the clams are not of legal
size. This resource will be relatively undisturbed In the area of
Sherwood Point and at or near the existing mean low water line, the
seaward limit of the proposed sandfill. Recreational fishermen frequent
the rocky Sherwood Point and the existing west groin. The finfish native
to this a5ea include striped bass, tautog, weakfish, scup, mackerel, and
flounder.

MANAGEMENT OF FINAL ALTERNATIVE PLANS

The recreational and natural resource management of the five
alternative plans considered for the study area will be df|scussed in the
following paragraphs. A general understanding of these resources and
development trends is helpful In selecting the appropriate solutions.

1The Resources of the New England-New York Region, Chapter 23: pg iX-5.

2Ibid. Page 1-9
3Ibid. Page IX-9

I '>
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S ALTERNATIVE PLANS CONSIDERED

Your basic alternative plans were considered for the West Beach of
Sherwood Island. Each plan, although not uniquely different from the
other plans, provides alternative considerations to be investigated In
arriving at the most practical and economical solution to the problem.
Each plan that includes send placement will consider three berm widths:
200, 225, and 250 feet. Lowering the existing groin and constructing a
low profile groin area also considered in these plans. The fourth plan is
a shore msnagement plan. In considering these plans, local management
aspects were investigated Including improved backshore use, developing
additional facilities, improving the existing park activities, increasing
the number of lifeguards, developing a youth activities program, ae.

EXTENT AND LOCATION OF LANDS
The beach and park facility are owned and operated by the State.

West beach extends westerly from Sherwood Point for approximately 1,800
feet, and East Beach extends from Sherwood Point easterly for approxi-
mately 3,600 feet. The park is located on the south shore of Westport and
it Is one of Connecticut's three coastal State Parks. It is a fully
facilitated State Park and is a natural resource f or the State. Since It
is owned and operated by the State, they have every Intention of
developing and maintaining It to fill the needs of the general public.
The only lands on the island which are not owned by the State are
privately-owned lots; therefore, additional land acquisition to expand the
park is unlikely. Any cost incurred to acquire new land or to further
implement additional management measures at the beach are the
responsibility of the city or State and will not Involve the Corps of
Engineers.
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SOCIAL AND CULTURAL RESOURCES

This section will address the social features of the area a they
affect Sherwood Island State Park and the town of Westport. Part of this
section includes a letter from the State Bistoric Preservation Officer,
who is involved in the cultural resources of the project.

SOCIAL RESOURCES

INTRODUCTION

This study is being undertaken to determine the feasibility of
providing beach erosion control for West leach, located in Sherwood Island
State Park, Westport, Connecticut. Initial mitudies have indicated
positive vronsideration for Federal action, thereby warranting additional
and more detailed project analyses.

This section of the report wiii identify the social and economic
Impacts of alternative project plans. A description of the problem, the
study area, the without project condition, and proposed problem solutions
will be presented within the section.

THE PROBLEM

West leach is experiencing a serious problem that has significantly
reduced the beach area. The beach Is approximately 1,800 feet long from
the terminal groin, its western limit, east to Sherwood Point. Currently,
at mean high water, the beach width varies from 100 feet near the groin
structure to 0 feet near the mid-beach area to a 25-foot width near
Sherwood Point. This beach has generally been overtopped during frequent,
serious winter storm which has helped cause the present deteriorated
conditions. The State of Connecticut has requested Federal assistance to
restore the beach area by providing for erosion control. Proposed solu-
tions Include: beach replenishment, lowering existing groin, constructing
a low profile groin, and a shore management plan. Plans involving beach
replenishment will consider three different alternative beach term widths
(200, 225, and 250 feet).

Appendix 7
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THE STUDY AREA

Sherwood Island State Park is Connecticut's first State Pork aud one
of the first In the nation. It Is located In the town of Westport, along
Long Island Sound, 10 miles west of Bridgeport$ Connecticut and 50 miles
east of New York City. This park Is situated within the heavily populated
southwestern Connecticut and New York metropolitan areas, containing --

approximately 7.4 million people within a 75 mile radius. A large
percentsge of Connecticut's population lives In close proximity to the
shore. The land bordering the shore Is almost entirely developed as a
private coastal residential area not open to the public. The park is
adjacent to the Connecticut Turnpike, Exit 18, making It easily accessible
to large segments of the reigon's population.

Park rangers estimate that 90 percent of the people coning to this
park seek its water based recreational opportunities. 'Seventy-five
percent of the annual attendance at this park travels from New York City
and its suburbs.

Sherwood Island Is a regional beach and park, It caters to other
parts of Connecticut and New York. Since the status of Westport has no
bearing on Sherwood Island's future, investigating Westport's population
and economic trends would be useless.

The dense surrounding area population, rises In personal Income
levels, and trends toward more leisure time have varied perk attendance
over the past 10 years. Annual attendance figures reveal that from 1971
to 1980 the park's population ranged from a low of 928,000 in 1972 to a
high of 1,167,000 in 1977. The 1980 annual attendance figure was
1,040,000, an Increase of 25,000 people over the 1979 estimate.

THE BEACH

Sherwood Island State Park contains two distinct beaches (last Beach
and West Beach) seperated by Sherwood Point. This study will consider
only West Beach, which has become badly eroded over the years; Bast Beach
has remained relatively stable. West Beach extends 1,800 feet westerly
from Sherwood Point to the existing Federal groin structure, which serves
as the western limit of the beach.

Most of the facilities at Sherwood Island State Park are shared by
both beaches. These facilities Include a combination bathhouse and
sanitary facility with flush toilets and running water. The only medical
facility is a small first-aid station. Located near the point Is a
pavilion that contains a restaurant and the park ranger's office. There
Is also a small concession stad locatid behind East Beach. Parking is
not a problem at Sherwood Island. There Is a parking lot behind the
pavilion with a capacity for approximately 250 automobiles. Behind East
Beach there is also a large open area that Is used for parking.

Appendix 7
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The park has muach to offer besides the tvo beaches. The park has a
large wooded picnic area with grassy sections and tables. There are large

open playing fields which Include a baseball diamond.

Sherwood Island is a State Park designed to accomodate people from
other parts of the State who do not have such facilities locally.
Seventy-five percent of the annual attendance at the park travels from
New York City and its suburbs. The park's easy accessibility to the
surrounding population makes its facilities especially appealing to people
residing within large metropolitan areas. Annual attendance figures
reveal that there Is a very high demand for this State Park and Its
beaches, irrespective of the erosion along the West Beach area. An
additional factor which encourages perk use is that the water along Long
Is land Sound is much calmer than water at beaches directly exposed to the
ocean.

SALTWATER FACILITIES

The Denand/Supply Relationship - According to the State of
Connecticut, only 6 percent of Its shoreline Is In publicly-owned
recreation areas. Shrinking supply of public beach areas resulting from
both erosion and increased private development has created a serious
problem for the State. Sherwood Island State Park was originally designed
to accoumodate a peak day capacity of 16,000 bathers and an annual use of
550,00 bathers. Present beach use estimates reveal that over 1 million
people annually visit this facility and that 90 percent of them come to
enjoy the water-based facilities. This is a doubling of the original
design capacity for annual use of the perk. As was previously mentioned,
park attendance has stabilized at around I million visitors annually, even
though a serious erosion problem exists at West Beach. State officials
believe that with a properly designed beach to complement the park's
modern facilities, attendance at the park could be doubled. For a more
detailed analysis of supply and demand, refer to the Economics Appendix of
this report.

Other Beaches Near the Prolect Area - There are several excellent
public beaches within a short radius "ofSherwood Island. These beaches
are located in Greenwich, Stamford, Norwalk, Westport, Fairfield,
Bridgeport, and Stratford, all In Connecticut. They are all umc smeller
than the beaches found at Sherwood Is land and do not contain the saw
large public facilities found there such as ample parking and more than a
mile of public beach area.

Sherwood Island State Park has the second highest annual attendance
of any beach or State Park in Connecticut. In fact, Its attendance io
more than double that of its closest recreational facility in terms of
total annual attendance. Sherwood Island Is the western most of the three
State-owned parks and is the largest recreational facility In the
southwest Connecticut and New York City metropolitan areas. From these
two population centers, the park draws most of Its attendance.
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Vitbout Project Condition - West Beach conditions will continue to
deteriorate without iqilenstation of an erosion control project. During
serious storm, the beach and the Brassy areas along the backabore are
overtopped by damaging aves. locks near the Uberwood Point section of
the beach, soe 3 to 4 inches in dimeter- litter the beach for a distance
of approxinately 600 feet in a westerly direction. This creates both
aesthetically undsirable conditions and potential safety hasards for
beech wera. he beach area, especially i the vicinity of the point, is
approaching zero feet in width. Erosion has caused saw of the beach sand
to be washed aay, creating a very unevn beach width along the entire
length. Additionelly, erosion has increased the susceptibility of the
beech to damaging wave forces generated during serious stores. These
deteriorated conditim will not only persist but will also worsen unless
erosion can be controlled. Since park officials have characterized this
State Park as being one of Connecticut's most popular recreational areas,
probleim which decrease the park's beach area may eventually adversely
affect its desirability as a recreational resource.

Solutions to the Problem - Presently, there are four alternatives for
beach erosion control at West Beach. These plans are described as
followst

Plan I - Widening of the existing beach area by the direct placment of
suitable sandfill along the entire shoreline extending east
from the existing Federal groin structure to Sherwood Point.

Plan 2 - Se a Plan I bet includes lomring the landward end of the
existing sroin structure located at the west limit of the study
ares.

Plan 3 - Sam as Plan 2 plus the construction of an intermediate low
profile roein structure located between Oherood Point and the
west limit of the study area. The maximum length of the groin
will be 510 feet, however, the length will be shorter if a
m ler beach bere Is utilized.

Plan 4 - ore Management Planning Guidelines. This involves planning
guidelines for managing the use of the backehore facilities and
provides additional guidance for future public participation in
water related activities. Such as restricting the number of
beach users on peek days, designating certain areas for
fishing, erecting sand fencing, controlling access to
designated ares, and planting grss on the backshore dunes.

Seak of the above plans consisting of sandfill (Plans 1, 2, and 3)
will cmider three different level beach bern widths (200, 225, and 250
feet). Ih beach are will Increase as the beach berm width increases.
7h lew profile groin In Plan 3 will be loser, up to 510 feet maxima, as
the beach berm width increases, Analysis of beach capacity with each
alternative is discussed in the Iconomics Appendix of the report.
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CULTURAL RESOURCES

S NflWL- I ?&Y lMA~JM3345

Mr. John W. Shamahan
State Historic Preservation Officer
59 South Prospect Street
IHartford, Connecticut 06106

Dear Mr. Shannahan:

You will find inclosed a plan of proposed beach erosion protection
at West Beach, Shervood Island State Park, in Westport. Three
alternative plans are proposed:

Plan 1: beach widening to 200, 225, or 250' along 1800' east
of the existing groin forming the wstern end of the
beach.

Plan 2: as plea I, with lowering of the landward end of the
existing watern groin.

Plan 3: as plan 2, with rock revetment at the western face of
Sherwood Point, and new groin approximately halfway
down the beach.

A breakwater (Plan 4) 600 feet offshore and paralleling West Beach,
and (Plan 5) rock revetment along the entire backshore of oast Beach
are being dropped from consideration due to cost and environmental
effects.

Prior beach viden- was done in 1957, and Sherwood Point was extended
with fill and revetment in the late 1970's. Therefore, any beach video-
Ing or construction would be on fill land, where intact archaeological
resources are extremely unlikely. Sand for beach widening will be
obtained from commercial sources and possibly from a shallow cove
immediately vest of the beach. As this cove ia far too snall and
shallow to have formed a historical commercial harbor area, or harbor
of refuge., historic resources in the form of sunken vessels appear
extreely unlikely, while the extremely active shoreline precludes
the possibility of submerged prehistoric site*.

Appendix 7
7-5

.1



27 March 1981
Mr. John r.b Mr ilo /345

For the above reasons. we anticipate that cons of he altormveat.
plans would affect significant historic or archaeoiasical resources.
W~e would anreclate your review and concurr nce with the lndings,
for inclusion In our eaviromutal assesse nt and feasiblity report.

Siacerely.

Imci JOSEIU L. IGRAZZO
As Stated Chisf. Planning DiLvlsiOm

cc: Mr. Wilson
Ms. Yoder

//

Mr. Drubs. - CDB
PlaimmiftS Div., File!

'I.

II
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ECONOMICS

I. Introduction

There are four (4) alternatives proposed to solve the erosion problem
at the West Beach in Sherwood Island State Park. Three of the alter-
natives are beach replenishment projects, and one is a shore management
plan. If the current situation were to continue unremedied virtually
no dry beach area would remain for recreational use at West Beach. This
would limit growth in beach attendance at a time when attendance has been
growing rapidly. Three of the proposed solutions would involve beach
replenishment to stop erosion and create a large beach for recreational
usage. Each of these alternatives is evaluated for beach berm widths of
220, 225, and 250 feet. The economic analysis of recreation benefits is
based upon the beach berm widths, thus although there are nine (9) vari-
ations for the beach replenishment alternatives, and a proposal for a
shore management plan, there will only be three (3) different values for
recreational benefits.

The estimated recreational benefits will accrue only to the West leach,
which is the sole area of proposed Federal action. Attendance figures
were only available for the entire park, and since the East Beach is
estimated to be at capacity, any increases in attendance will be assumed
to be on the West Beach.

The information used in the benefit analysis was obtained from Sherwood
Island State Park officials, Connecticut Department of Recreation officials,
previous studies by the Corps of Engineers, and field surveys by Corps of
Engineers personnel.

11. Market Area

The market area for Sherwood Island has been identified as a 75 mile radius
around the park which includes southern Connecticut and the Greater New
York City area. The potential beaches to serve this population would be
staeoLnIsand thyaefoShot d par m nonetict Onl iS()herodIladt ent YofkCiy
staeoLnIsand Shyaefohound farom inornccth fl Sewoslan to) Neret YokCiy
Connecticut's beaches are considered public beaches and this figure includes
municipal beaches restricted to local residents. This situation has resulted
in a great demand for beach space and a very high rate of utilization of
those beaches accessible to the public.

III. Present leach Attendance

The attendance figures for Sherwood Island are shown in Table 8-1; annual
figures are available for 1957-1980 and monthly figures are shown for

A selected years in Table 8-2. Based upon the monthly attendance records,
the beach season was selected as Memorial Day to Labor Day and the beach
season attendance was estimated to be 60 percent of the annual attendance.
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TABLE8-
S ATTENDANICE FIGURES

SHERWOOD ISLANDSTATE PARK

Beach Estimated WeekendAnnual Season Beach Day WeekdayAtnance Attend anc Atedance Attendance Attendance
1957 159,000 95,400 85,900 2,000 670
1958 338,000 202,800 182,500 4,150 1,400
1959 473,000 283,800 255,400 5,800 1,900
1960 417,000 250,200 225,200 5,100 1,700
1961 555,000 357,100 321,400 7,300 2,400
1962 605,000 332,900 299,600 6,800 2,3001963 619,000 387,900 349,600 7,900 2,600
1964 738,000 454,900 409,400 9,300 3,100
1965 1,022,000 757,600 681,800 15,500 5,170
1966 1,131,000 666,400 599,800 13,600-1 4,500
1967 653,530 380,600 342,500 7,800 2,600
1968 824,857 466,800 420,100 9,500 3,200
1969 707,754 422,200 380,000 8,600 2,900
1970 902,231 491,700 442,500 10,100 3,370
1971 1,004,633 516,000 464,400 10,600 3,500t1972 928,485 557,100 501,400 11,400 3,800
1973 987,285 592,400 533,200 12,100 4,0001974 1,001,000 600,600 540,500 12,300 4,100
1975 1,093,000 655,800 590,200 13,400 4,470
1976 1,100,271 660,200 594,200 13,500 4,500
1977 1,167,472 700.500 630,500 14,300 4,770
1978 1,132,591 679,600 611,600 13,900 4,630
1979 1,015,841 609,500 548,600 12,500 4,170
1980 1,040,000 624,000 561,600 12,800 4,270
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TABLE 8-2

S MONTHLY ATTENDANCE (SELECTED YEARS)

SHERWOOD ISLAND STATE PARK

1966 1968 1970 1972 1974 1976

January 29,940 30,994 5,521 39,409 41,345 41,962

February 26,527 23,745 32,864 35,128 37,821 39,564

March 22,727 25,746 36,790 37,434 42,763 49,163

April 66,880 34,995 34,379 47,039 53,916 58,703

May 68,880 65,989 79,201 95,041 76,264 78,086

June 169,701 107,231 110,424 63,661 109,472 164,848

July 305,462 214,463 214,109 262,124 246,025 244,112

August 248,895 181,468 204,652 156,827 174,756 170,923

September 57,567 49,491 61,303 73,057 89,223 79,679

October 55,567 33,994 44,618 55,662 67,138 68,814

November 45,254 31,995 37,154 32,024 40,816 59,121

December 33,941 24,746 41,216 31,079 21,495 45,296

Total 1,131,341 824,857 902,231 928,485' 1,001,034 1,100,271

Appendix 80 8-3



Available estimates are that 90 percent of the beach season attendees
use the beach with the remaining 10 percent engaging in other recre-
ational activities in the backshore area.

After adjusting for inclement weather there are 80 days in the beach
season, 54 weekdays and 26 weekend days/holidays. Local officials
estimate weekend day attendance to be triple weekday attendance.
Weekday attendance and weekend day attendance, shown in Table 8-2, were
computed in the following manner:

26x + 54y = Beach Attendance

26x + 54(1/3x) = Beach Attendance

26x + 18x - Beach Attendance

44x M Beach Attendance

x M Beach Attendance 1 44

x = weekend day

y = weekday

IV. Parking

There are 6,000 available parking spaces at Sherwood Island State Park
and there are no plans to expand parking. Since park officials estimate
that the average car contains 6 people, there is available parking for
36,000 people. However, 10 percent of the visitors use the backshore
facilities rather than the beach itself. This places a constraint on
maximum daily beach attendance of 90 percent of available parking or
32,400 daily beach users.

V. Turnover Factor

A turnover factor is used to estimate daily attendance for those beaches
where beach users visit the beach for less than a full day. A turnover
factor of 1.0 is used in those instances where beach users only spend
half the day at the beach and there is a maximum daily attendance of
double the beach capacity. The information received from park officials
is that the turnover factor at Sherwood Island is insignificant. This is
consistent with the typical beach user at Sherwood Island State Park,
since park officials estimate 75 rercent of beach users are from New York
State, driving a minimum distance of 50 miles.
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VI. Beach Size

The combined dry beach areas for East and West Beach are shown in Table
8-3 for 1957-1980. The projections under the with and without project
conditiors are also shown in Table 8-3.

The East Beach is stable with a dry beach area of 375,000 ft 2 while the
West Bea~ch is suffering serious erosion problems. Table 8-3 shows that
the West Beach will have only 40,000 square feet of useable dry beach
remaining by 1982. Under the alternative proposed projects the West
Beach will have a dry beach area of either 540,000, 585,000, or 630,000
square feet, with Plans 1, 2, and 3, respnc-tively, and approximately
80,000 square feet with Plan 4.

The West Beach is expected to stabilize in 1982 with the beach size at
40,000 square feet. This stabilization will be the result of a regrading
program performed by the State. At this point, any further erosion,
while affecting the shoreline, would not affect the remaining beach.
Although there would remain a theoretical optimum capacity of 530 beach
users and a maximum capacity of 1,200 beach users, the effects of the
erosion on the surrounding shore would serve to make West Beach less
desirable; therefore, it is not expected that the attendance would reach
its maximum capacity. For this reason, for the purpose of the benefit
analysis on West Beach, it is assumed that the attendance under the
without condition will. be effectively zero.

TABLE 8-3

BEACH SIZE (DRY BEACH AREA)

SHERWOOD ISLANDl STATE PARK

1955 1957 1971 1980 1982
(before constr.) (after constr.)

West Beach 36,000 306,000 360,000 75,000 40,000

East Beach 90,000 510,000 345,000 375,000 375,000I

TOTAL 126,000 816,000 705,000 450,000 415,000

VII. Utilization of Dry Beach Area - Overcrowding

The information on daily attendance 2and beach size was used in conjunction
with a theoretical optimum of 75 ft per person to determine the percent
utilization of the beach area at Sherwood Island.
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This information is shown in Table 8-4 for 1957-1980. After the beach
space at Sherwood Island was increased in 1957, there was a trend toward
increasing utilization of the beach which reached its maximum in the
1970's, at over 200 percent. For the purposes of this study, 225 per-
cent of the optimum square feet per person figure was considered the
maximum beach utilization rate. This figure places a constraint upon
maximum daily beach attendance based upon present beach size of 11,250
beach users under the without project condition, and 27,450, 28,800, or
30,150 daily beach users under the with project condition.
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TABLE 8-4

BEACH SIZE CAPACITY AND UTILIZATION INDEX

SHERWOOD ISLAND STATE PARK

Theoretical Theoretical
Beach Seasonal Daily Utilization
Size Capacity Capacity Index

1957 126,000 74,000 1,680 116.0

1958 816,000 480,000 10,900 38.0

1960 808,000 475,000 10,800 54.0

1961 799,000 471,000 10,700 48.0

1962 782,000 458,000 10,400 65.0

1963 774,000 453,000 10,300 77.0

1964 765,000 449,000 10,200 91.0

1965 757,000 444,000 10,100 154.0

1966 748,000 440,000 10,000 136.0
1967 740,000 436,000 9,900 79.0

1968 731,000 427,000 9,700 98.0

1969 723,000 422,000 9,600 90.0

1970 714,000 418,000 9,500 106.0

1971 705,000 414,000 9,400 112.0
1972 677,000 383,000 8,700 131.0

1973 650,000 352,000 8,000 151.0
1974 620,000 321,000 7,300 168.0
1975 595,000 295,000 6,700 200.0
1976 570,000 286,000 6,500 208.0
1977 540,000 282,000 6,400 224.0

1978 515,000 277,000 6,300 221.0
1979 485,000 268,000 6,100 205.0

1980 450,000 264,000 6,000 213.0

1981 420,000 242,000 5,500

1982 375,000 220,000 5,000Ap ed x ,
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VII. Recreational Unit Day Value

Sherwood Island State Park provides general recreational opportunities
such as swimming, sunbathing, picnicking, and softball. There is a
large grassy area behind the beach, a pavilion with a restaurant and
complete bathhouse facilities. The State park is a short distance from
1-95 with its own exit.

The State of Connecticut charges a $2.00 entrance fee per car which would

average $0.33 per person, using six people per car. This amount is con-
sidered to be below the unit day value for Sherwood Island. The general
recreation unit day value for Sherwood Island was estimated at $2.10
under the without condition due to overcrowding. Under the with project
condition there would be an increase to $2.30 because of the alleviation
of crowding. Over the life of the project due to increasing attendance
the unit day value would decrease to the original $2.10. Based upon
Tables K31 and K32 in ER 1105-2-300, points and dollar values were
assigned to a recreation day experience at Sherwood Island. (See Table
8-5.)

TABLE 8-5

UNIT DAY VALUE

SHERWOOD ISLAND STATE PARK

WITHOUT PROJECT WITH PROJECT

Recreation Experience 8 8

several general activities

Availability of Opportunity 9 9
one or two within one hour
travel time, none within 45
minutes travel time

Carrying Capacity * 4 10
optimum facilities to
conduct activity at site

Accessibility 16 16

good access, high standard
road to site, good access
within site

Environmental Quality 7 Appendix 8
above average aesthetic 8-8
quality

TOTAL POINT VALUE 44 50

Unit Day Recreation Value $2.10 1$2.30

• Varies due to overcrowding
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The travel cost estimate of willingness to pay was not used to estimate a
recreation day value. Use was estimated by a site specific model while
the travel cost method requires that use be estimated based upon the
relationship of trip generation to distance from the site. The contin-
gent valuation method was not used due to a lack of the necessary time
and money to conduct the required surveys and other studies.

IX. Future Beach Attendance

Future beach attendance at Sherwood Island was projected using the
econometric modelling capabilities of Data Resources Inc. An ordinary
least squares regression was done with historical beach attendance as
the dependent variable and many different independent variables were
tried, such as: real retail gasoline prices (1972), real expenditures
on spectator amusements, New York and Connecticut population, beach size,
number of registered automobiles in New York and Connecticut, an over-
crowding index, real per capita income (1972), and total hours worked.

A variety of test statistics are provided with the regression enabling
the best fitting regression line to be chosen from among all the
different combinations attempted. The best fitting regression line
was found with the combination of the following four independent
variables: New York and Connecticut populations, beach size, the
overcrowding index, and New York and Connecticut registered automobiles.
The number of people and automobiles were weighted in proportion to
their representation among beach users.

These 4 independent variables have their historical values and projected
future values shown in Tables 8-6 a and b. The historical values for
population and automobiles, and their future values were obtained from
DRI data banks which result from DRI's U.S. model. The historical
beach size information is the result of Corps of Engineers field surveys,
and the future beach sizes result from the proposed alternative beach
replenishment plans. The overcrowding index was the result of analyzing
beach attendance, beach size, and the theoretical optimum capacity of 75
square feet per person.

Beach attendance has increased throughout the period 1957-1980 although
erosion has continually decreased the beach size during the sam period.
The population of the market area has tow clear trends; a steady increase
until the early 1970's and then a steady decrease until 1980. It appears
that since the market area is very densely populated and urbanized and
there are very few available public beaches there exists a high level of
unsatisfied demand. The high level of unsatisfied demand appears to
explain increasing attendance in the 1970's at the same time as decreasing
beach size and a decreasing market area population.
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The results of the regression analysis are shown in Table 8-7. These
results were arrived at by regressing the time series of the independent
variables on the dependent variable, beach attendance, for the years
1951-1980. Figure 8-1 is a comparison of actual beach attendance from
1957-1980 with the beach attendance predicted by the regression equation
over the same period of time. The test statistic results are born out
graphically, i.e., the regression equation provides a very good fit to the
actual attendance. The significant variation in 1965-1966 is the result
of unusually good weather which caused abnormally high attendance. The
equation resulting from the analysis is given below:

Beach attendance = +1642 (overcrowding index) + .4 (beach size)
+ 107,000 (NY and CT registered automobiles) - 41,000 (NY and CT
population)

Table 8-7 displays several tests which indicate the statistical sigificance
of the regression analysis. The t-statistic is shown for each independent
variable for a two tailed test and they are all statistically significant

at greater than the .01 significance level. The R-Bar squared has a
value of .94 meaning that 94 percent of the variance in the dependent
variable is explained by the regression equation. The Durbin-Watson
statistic is a test for the presence of autocorrelation: its value
of .9 is significant to the .05 level for a two-tailed test indicating
there is not autocorrelation. The OLS regression was done twice with
one of the sets of coefficients being the Beta coefficients. Beta
coefficients are used to determine the relative importance of the
independent variable in explaining the dependent variable. The results
show population and automobiles to be of similar strength, and to be
twice as strong as beach size and the overcrowding index. Tests were
not conducted for the presence of multi-collinearity or heteroscedasticity
which are not important problems for time series data. The F statistic of
1,200 was significant to the .01 level.

The next step after testing for the validity of the regression equation
was to solve for the dependent variable. The regression equation was
solved by computing the future values for the independent variables; an~d
the output is shown in Table 8-8. The five columns in Table 8-8 are
historical beach attendance from 1957-1980, estimated beach attendance
with the project from 1981-2035, and estimated beach attendance without
the project from 1981-2035. The estimated beach attendance without the
project differs from the with project condition because the values for

* beach size and overcrowding differ under the two conditions. The
projections for the without project condition do not represent estimated
future attendance since there is not sufficient beach space for increased
attendance. The projections under the without condition represent an
estimate of future unsatisfied demand if the project were not built.
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II

U rTABLE 8-7

REGRESSION ANALYSIS, TEST STATISTICS. AND THE REGRESSION EQUATION
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TABLE 8-8 FUTURE ATTENDANCE PROJECTIONS

V Historical Estimted BahAt acYEAR Beac Attendance Without pro-ject 200u ft. berm 225 ft.Berm 250 ft. Berm
1957 85,900.0 N/A N/A N/A N/A1958 182,500.0 N/A N/A N/A N/A1959 255,400.0 N/A N/W/A N/A1960 225,200.0 N/A N/A N/A N/A1961 321,400.0 N/A N/A N/AN/192 299,600.0 N/A N/A N/A N/A1963 349,100.0 N/A N/A N(A N/A1964 409,400.0 N/A N/A N/A N/A1965 450,000.0 N/A N/A N/A N/A1966 435,000.0 N/A N/A N/A N/A1967 342,500.0 N/A N/A N/A N/A1968 420,100.0 N/A N/A N/A N/A1969 380,000.0 N/A N/A N/A N/A1970 442,500.0 N/A N/A N/A N/A1971 464,400.0 N/A N/A N/A N/A1972 501,400.0 NIA N/A N/A N/A1973 533,200.0 N/A N/A N/A N/A1974 540,500.0 N/A N/A N/A N/A1975 590,200.0 N/A N/A N/A N/A1976 594,200.0 N/A N/A N/A N/A1977 630,500.0 N/A N/A N/A N/A1978 611,600.0 N/A N/A N/A N/A1979 548,600.0 N/A N/A N/A N/A1980 561,600.0 N/A N/A N/A N/A1981 N/A 607,528.0 607,528.0 607,528.0 607,528.01982 N/A 594,161.1 621,111.4 649,357.8 677,604.31983 N/A 606,753.2 635,910.2 564,481.8 694,954.01984 N/A 619,933.6 651,328.5 580,233.1 713,023.51985 N/A 631,584.8 665,249.2 694,494.9 729,698.61986 N/A 641,836.0 677,802.1 707,396.9 745,112.41987 N/A 651,432.2 689,733.2 719,685.4 760,014.21988 N/A 660,696.6 701,364.2 731,682.4 774,729.31989 N/A 669,713.4 712,781.7 743,474.5 789,347.91990 N/A 678,043.6 723,546.6 754,622.9 803,434.51991 N/A 686,444.9 734,417.0 765,885.7 817,751.01992 N/A 694.917.9 745,394.1 777,264.4 832,302.4~1993 N/A 703,463.5 756,479.2 788,760.5 847,094.21994 N/A 712,082.5 767,673.5 800,375 862,131.61995 N/A 720,775.6 778,978.4 812,110.7 877,420.31996 N/A 729,543.6 790,395.2 823,967.8 892,965.91997 N/A 738,387.3 801,925.2 835,948.2 908,774.31998 N/A 747,307.6 813,569.7 848,053.6 924,851.41999 N/A 756,305.3 825,330.1 860,285.5 941,203.32000 N/A 765,381.2 837,207.9 872,645.4 957,836.42001 N/A 771,846.7 846,514.8 882,445.6 972,067..62002 N/A 771,846.7 849,396.5 885,831.7 980,047.62003 N/A 771,846.7 852,318.9 889,270.0 988,247.82004 N/A 771,846.7 855,282.7 892,761.3 996,674.2 Appendix 82005 N/A 771,846.7 858,288.4 896,306.4 1,005,333.2 8-142006 N/A 771,846.7 861,336.6 899,906.2 1,014,231.1

0 2007 NA 771,846.7 864,427.9 903,561.5 1.023,374.5W2008 N/A 771,846.7 867,563.0 907,273.2 1.032,770.32009 N/A 771,846.7 870,742.S 911,042.1 1,042,425.22010 N/A 771,846.7 873,966.7 914,869.1 1.052,346.6

1 ------
_ _ _



TABLE B-8 FUTURE ATTENDANCE PROJECTIONS (Cont.)

Historical Estimated Beach Attendance

YEAR Beach Attendance without Proet 200 ft. Berm 225 ft. Berm 250 fterm

£ 2011 N/A 771,846.7 877,236.7 918,755.1 1,052,346.6

2012 N/A 771,846.7 880,552.9 922,701.0 1,052,346.6

2013 N/A 771,846.7 883,916.1 926,707.7 1,052,346.6

2014 N/A 771,846.7 -887,326.8 930,776.3 1,052,346.6

2015 N/A 771,846.7 890,785.7 934,907.5 1,052,346.6

2016 N/A 771,846.7 894,293.6 939,102.5 1,052,346.6

2017 N/A 771,846.7 897,851.1 934,362.1 1,052,346.6

2018 N/A 771,846.7 901,459.0 947,687.4 1,052,346.6

2019 N/A 771,846.1 905,117.8 925,079.5 1,052,346.6

2020 N/A 771,846.7 908,828.2 956,539.2 1,052,346.6

2021 N/A 771,846.7 913,591.5 961,067.7 1,052,346.6

2022 N/A 771,846.7 916,407.9 965,666.0 1,052,346.6

2023 N/A 771,846.7 920,278.2 970,335.2 1,052,346.6

2024 NIA 771,846.7 924,203.3 975,076.4 1,052,346.6

2025 N/A 771,846.7 928,183.8 979,890.7 1,052,346.6

2026 N/A 771,846.7 932,220.7 984,779.2 1,052,346.6

2027 N/A 771,846.7 936,314.7 989,743.1 1,052,346.6

2028 N/A 771,846.7 940,466.6 994,783.5 1,052,346.6

2029 N/A 771,846.7 944,677.2 999,901.6 1,052,346.6

2030 N/A 771,846.7 948,947.4 1,005,098.7 1,052,346.6

2031 N/A 771,846.7 953,287.0 1,010,375.9 1,052,346.6

2032 N/A 771,846.7 957,669.9 1,015,734.4 1,052,346.6

2033 N/A 771,846.7 962,123.9 1,021,175.6 1,052,346.6

2034 N/A 771,846.7 966,461.0 1,026,700.7 1,052,346.6

2035 N/A 771,846.7 971,821.7 1,032,310.9 1,052,346.6
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In the same manner as was done for the without project condition there
are constructed two additional projections for the other two possible
alternatives. All previous evaluation of the with project condition was
done for the 225 foot berm, however, projections were also derived for a
200 foot berm and a 250 foot berm. The sam regression equation was used
but the future values input to the equation are different for the beach
size and the overcrowding index. These different values are shown in
Table 6a, b and the project future beach attendance for a 200 foot berm
and a 250 foot berm are shown in Table 8-8.

There are two possible constraints upon attendance projections, beach
capacity and parking capacity. The daily beach capacity under the with
project condition varies depending upon the three beach berm widths from
27,450 to 28,000 to 30,150 while the daily parking capacity is constan~t
at 32,400.

Under the with project condition the growth in beach attendance would not
be constrained by either factor during the 50 year project life. In 2035
with the maximum projected beach attendance for the 225 foot berm the
daily weekend attendance would be 23,463 which will be well below the
minimum beach capacity constraint of 27,450. Under the without project
condition there would not be any growth in beach attendance since the
present beach capacity has already reached its maximum level. In
Figure 8-2 the growth of attendance under the three alternatives is
shown and the upper limits of attendance are shown as higher than the
maximum projected attendance.

X. Recreational Benefit/Other Benefits

Recreational Benefits

The benefit analysis for Sherwood Island State Park, shown in Table
8-9, was based upon a project life of 50 years, a 7 3/8 percent Federal
interest rate, and a unit day value which varies from $2.30 to $2.10.
Average annual recreational benefits accrue to the project due to the
increased attendance during the project life contrasted with the pro-
jected stable attendance under the without project condition. The future
benefits computed in Table 8-9 were discounted to the first year of the
project life and then annualized over the project life.

The annual recreational benefits were computed for the three alternative
beach berm widths of 200 feet, 225 feet, and 250 feet. The analysis of
recreational benefits for the 225 and 250 foot berms are shown in Table
8-10 and Table 8-11, and they were computed in the same manner as for
the 200 feet berm. A comparison of the average annual recreation benefits
for the proposed alternatives is shown in Table 8-12.
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Other Benefits

Erosion at Sherwood Island State Park's West Beach is estimated to be 4
feet a year, along its 1,800-foot length, or 7,200 square feet annually.
Without the Federal project there would be continued loss of land for
the 50 year life of the project. The prevention of this loss of land is
a benefit which would accrue to each of the three proposed alternatives
containing sandf ill. The benefit is based upon an average value of shore-
front land of $300 per square foot for an annual benefit of $3.00 times
7,200 square feet, or $21,600.

The other significant benefit to the proposed project is a recreational
fishing benefit attributable to the construction of the stone groin in
Plan 3. The Fish and Wildlife Service estimated the average annual
benefit to the stone groin from recreational fishing would be $9,000 in
1980 prices.

The lowering of the existing Federal groin structure will allow wind-blown
sand to nourish a small area of State-owned beach to the west of this
structure. The area in question is small; therefore, the benefits accrued

from the lowering of the groin will only increase the recreational
benefits by a small percentage. This benefit only applies to Plans
2 and 3.

These above-mentioned benefits are added to the recreational benefits
shown in Tables 8-9, 8-10, and 8-11 for the three berm widths. The
sum of these benefits are reflected in Table 8-12.

XI. Justification

Based upon the economic analysis of the proposed project alternatives
for Sherwood Island State Park, Plans 1, 2, and 3 are economically
justified. Table 8-12 below shows the annual benefits and costs, the
benefit to cost ratio, and the net benefits for the 10 proposed alter-
natives.

Appendix.8
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TABLE 8-12

ECO)NOMIC ANALYSIS

SHERWOOD ISLAND STATE PARK

TOTAL AVERAGE AVERAGE ANNUAL BENEFIT TO NET
ANNUAL BENEFITS COSTS COST RATIO BENEFITS

Plan 1
200' Berm $718,600 $103,000 6.98 $615,600
225' Berm $788,600 $168,500 4.68 $620,100
250' Berm $888,600 $268,500 3.31 $620,100

Plan 2
200' Berm $725,800 $103,500 7.01 $622,300
225' Berm $796,500 $169,000 4.71 $627,500
250' Berm $897,500 $269,000 3.34 $628,500

Plan 3
200' Berm $734,800 $ 95,000 7.73 $639,800
225' Berm $805,500 $153,000 5.26 $652,500
250' Berm $906,500 $236,000 3.84 $670,500

Plan 4 $ 4,000 $ 10,700 0.37 0
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3 RECONNAISSANCE REPORT
W BEACH EROSION CONTROL STUDY FOR

SHERWOOD ISLAND STATE PARK, WESTPORT, CONNECTICUT

1. Description and Prior Report. Sherwood Island State Park is located in
Westport, Connecticut, approximately ten miles west of Bridgeport, Connecticut,
and fifty miles east of New York City. An authorized beach erosion control
improvement was developed and constructed by the State of Connecticut in
1957 at a total cost of $559,632. The Federal share of this project was
$186,300. This initial project consisted of widening to a 150-foot width,
6000 feet of the beach by direct placement of sand and the creation of a stock-
pile by the direct placement of sand to an additional width of 100 feet for a
distance of 1000 feet east and 1000 feet west of Sherwood Point. Also included
was the construction of two impermeable training walls 400 and 500 feet long at
Burial Hill Creek and the construction of an impermeable groin 500 feet long at
the western extremity of the improvement. Upon completion of the project,
rapid deterioration of the beach began to appear. In a letter dated 23 September
1966, the State of Connecticut reported that the material from the stockpile of
sand, that was centrally placed at 100 feet each side of the point, apparently
drifted rapidly by the adj acent beaches, thereby exposing the point to further
erosion. As a result, the Committee on Public Works of the United States
Senate on 15 May 1968 adopted a resolution which reads in part; "with a view
to determining whether any modifications on the recommendations contained
therein are advisable at the present time, in the interest of beach erosion
control and allied purposes, at and in the vicinity of Sherwood Island State
Park, Westport, Connecticut".

As a result of this resolution, a study was completed in November 1974. The
report recommended that a modification of the existing project be adopted and
recommended that in lieu of the project authorized in 1950, that a new plan
of improvement be adopted. The revised plan of improvement consisted of beach
widening by direct placement of suitable sandfill to furnish a dry beach width
of approximately 325 feet above the mean high water line for a distance of
3000 feet west on the existing timber training wall and for a distance of 1800
feet east of the existing stone groin structure. In addition to beach widen-
ing, a system of three stone groins would be provided. One groin, 485 feet
long, located 600 feet east of the point, and a second groin, also 485 feet long,
to be located about 600 feet west of the point.. The third groin, a 400-foot
long low-profile structure, would be located approximately 1100 feet west of
the point. Also, 1200 feet of the point would be revetted and the inner 225
feet on the existing westerly groin structure would be raised from elevation
12.0 to 13.0 feet above mean low water (see locatiort map).

The estimiated cost of construction of the project was $3,413,000 with the
Federal share of the cost construction being $2,389,000 and the nonfederal
share was $1,024,000. The benefit-cost ratio was 4.6 to 1.0.
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The report was completed in November 1974 and forwarded to the Board of
Engineers for Rivers & Harbors for approval. At that time the cost
sharing was divided 70 percent Federal and 30 percent non-Federal. The
project engineer at the Board reviewing the report notified the New England
Division that he would not allow Federal participation in the cost of
sandfill that excluded the 1957 mean high water line. As a result of this
decision the state was notified of the change in cost sharing and in a._
letter (inclosed), 4ated 5 February 1975, from Mr. William Miller, Chief
Parks and Recreation Unit, he stated that the state was unable to commit
to the increase in funding as suggested by the Board.- The report was
recalled and never officially acted upon by the Board.

Since the report was returned, the state has at its own expense completed
work to improve the condition of the beach and retard the. erosion and
overtopping of backshore at Sherwood Point. Random fill and spoil material
was dumped at Sherwood Point. The point was extended approximately 200 feet
and the existing west groin structure was raised. As a result of this
effort,'the need-for the improvemient -as suggested in the 1974 rpoort s
reduced considerably. The work proposed along the east beach is no longer
necessary. The two groin structures at the point can be eliminated.
Therefore, the only work necessary at this time is the placementof.andfill
and the construction of a low profile groin *tructure_qn the weit beach. A

preliminary cost estimate indicates that the total fst_SQstQf construction
would be $1,090,800 - of which $763,560 would be the Federal share and $327,240

the non-Federal share.

2. Economic Analysis. Based on the data from the 1974 report and a general
knowledge of the popularity of the beach and the recreational use require-
ments for this area, the demand far exceeds the supply. Economic studies
will be developed to determine if the proposed beach plan will satisfy the
projected demand. Based on the 1974 report the estimated benefits derived
for the west beach are $487,500.

3. Estimate of First Cost. The plan of improvement considered for this
report is based on the 1974 Corps of Engineers completed report and consists
of beach widening by the direct placement of suitable sandfill, one low
profile groin structure, and revetment along Sherwood Point to stabilize

the point. Also considered is rock revetment in lieu of sandfill to pro-
tect the backshore and shoreline structures. The first cost is based on
January 1980 price levels and 50-year life of the project.

PLAN I - Beach-widening by the direct placement of suitable sandfill

to fumish a dry beach width of approximately 325 feet above the mean high
water line along approximately 1800 feet of beach east of the existing stone
groin structure. In addition, the construction of one low-profile groin
structure and rock revetment along Sherwood Point.

PLAN 2 - Rock revetment along the entire 1800 feet of backshore to

protect and prevent further erosion of the shoreline.
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FIRST COST

PLAN 1

Groin (stone, low-profile) 2200.0 tons 0 $30.00 $ 66,000
Sandfill 115,000 yd3 0 $ 5.50 632,500
Revetment (point) 4000 tons @ $30.0 120,000

Subtotal $ 818,500
Contingencies 163,500

Subtotal $ 982,000
Engineering & Design 98,000

Subtotal $1,080,000
Supervision & Administration 10,800

TOTAL FIRST COST $1,090,800

Federal Share of Cost (70%) $763,560
Non-yedera Shre-of -Cos-(30%) $327,240

PLAN 2

Groin 30,000 tons @ $30.00 $ 900,000
Excavation L.S. 25,000
Revetment (point) 4000 tons @ $30.00 120,000

Subtotal $1,045,000
Contingencies 205,000

Subtotal $1,250,000
Engineering and Design 125,000

Subtotal $1,375,000
Supervision and Administration 125,000

TOTAL FIRST COST $1,500,000

This minimum plan of protection, designed to protect the west beach, is
estimated to cost $1,500,000. This plan will provide a backshore revetment
between the existing west groin structure and Sherwood Point and revetment
of the point to prevent flanking. This minimum protection will provide no
recreational benefits and only $10,000 in damage prevention benefits. This
plan is not economically justified for Federal participation.

4. Apportionment of Cost. The first cost of construction of the proposed
beach improvement will be proportioned between Federal and non-Federal interests.
This cost will be shared 70 percent Federal and 30 percent non-Fei a1.

S. Estimate of Annual Charges. Annual charges are based on January 1980 price
levels, SO-year life of project and an interest rate of 71 percent for both
Federal and non-Federal charges.

ANNUAL CHARGES
PLAN 1

Federal

Interest 0.07125 x $763,560 $ 54,403
Amortization 0.00235 x $763,560 17,944
Periodic Nourishment 7300 cy 6 $7.00 51,100

TOTAL FEDERAL COST $123,447

Appendix 9
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Non-Federal '-
Interest 0.07125 x $327,240 $ 23,316
Amortization 0.00235 x $327,240 7,690

Periodic Nourishment 3100 cy Q $7.00 21,700
Maintenance
Groins 100 tons @ $35.00 3,500
Revetment 200 tons @ $35.00 7,000

TOTAL NONFEDERAL COST $63,206

TOTAL ANNUAL COST $186,653

6. Comparison of Benefits 'nd Costs. The following is a brief summary of
the benefits and costs for the two plans.

Annual Annual B/C
Benefits Costs Ratio

PLAN 1 $487,500 $186,653 2.6
PLAN 2 10,000 (No Federal participation)

7. Local Cooperation. The proposed project would require that the first
cost of the project be borne 70 percent by the United States and 30 percent
by the State of Connecticut. This cost would include the cost of periodic
sand nourishment for the economic life of the project. Beach erosion
regulations require that Federal participation in a beach project under
Section 103 is subject to the conditions that local interests agree to:

a. Contribute prior to construction,.in cash, 30 percent of the first
cost of construction; final apportionment of cost will be made after actual
costs and values have been determined.

b. Assume full responsibility for all project costs in excess of
the Federal limitation of $1,000,000.

c. Maintain continued public ownership of the park and shore and its
administration for public use during the SO-year economic life of the project
by establishing, prior to construction, a boundary control line which will
separate public property from private property use, for the realization of
the public benefits upon which Federal participation is based.

d. Provide, without cost to the United States, all lands, easements,
and rights-of-way necessary for project construction and subsequent main-
tenance of the project.

e. Hold and save the United States free from all claims for damages
that may arise before, during, or after prosecution of the work and subse-

* quent maintenance of the project other than damages due to the fault or
negligence of the United States or its contractors.

f. Maintain the protective measures during the economic life of the
project as may be required to serve their intended purpose by contributing,
in cash, 100 percent of the cost of groin maintenAnce and 50 percent of the
cost of periodic sand nourishment for the SO-year life of the project; such
contribution is to be made prior to each nourishment operation.
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g. Control water pollutin to- the exetnecessary to safeguard the
* health of the bathers.

h. Comply with the requirements of non-Federal cooperation specified
in Section 210 and 305 of Public Law 91-646, approved 2 January 1971,
entitled, "Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 1970."1

i. Comply with Title VI of the Civil Rights Act of 1964 (78 Stat 241)
and Department of Defense Directive 5500.11 issued pursuant thereto and
published in Part 300 of Title 32, Code of Federal Regulations.

8. Conclusions. The Division Engineer concludes that the erosion and
redistribution of beach sand along west beach at Sherwood Island State Park
Beach is causing rapid deterioration of the beach and the beach is
essential to the State of Connecticut. He also concludes that further
detailed study should be undertaken for developing a method of construction
to provide a more stable beach for the long range needs of the area. He
also concludes that the study will consider alternative methods of providing
the most practical, economical and environmentally accepted method of
correcting the problem. The study will consider the national and planning
objectives or goals, and the accounts encompassedby the _Principles and
Standards will reflect th.a total environment as set forth in the National
Environmental Policy Act of 1969 and the Water Resources Planning Act enacted
by Congress in 1965 as supplemented and amended.

9. Recommendations. The Division Engineer recommends that a detailed beach
erosion control project report be proposed to determine the most environmental,
economical and practical beach erosion control improvement for Sherwood Island
State Park Beach. The Division Engineer further recommends that the study be
undertaken pursuant to the Small Beach Erosion Control ProjetAtoiypo
vided by Section 103 of the 1962 River and Harbor Act.
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STATE OF CONNECTICUT
DEPARTMENT OF ENVIRONMENTAL PROTECTION

tAi onc B UILzmIm IIn'V=om, GoN1CTnCuT 06115

February 5, 1975

Colonel John H. Mason (Attention NEDPL-C)
Department of the Army
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Mason:

This is in reply to your letter of January 29,
1975. Regarding the change in the percentage of cost
sharing of the Sherwood Island State Park beach erosion
control report dated November 1974 by your Coastal
Development Branch - this project maintains a high
priority in our development program for State Parks in
Connecticut.

However, as ou know, at this time the economic
climate in Connecticut is less than desirable to promote
a program of this magnitude. We cannot, therefore, at
this time commit to this increase in funding which was
necessitated by the Board of Enaineers.for rivers and
harbors in their review of the Sherwood Island Report.
We would like to think that any preparations by the Corp
could proceed so that preliminaries would be accomplished
in the event we were able to commit ourselves for funding
in 1976-77. In any event, if we cannot proceed, we woul&
not like to see this project dropped, but consideration-
given to placing it in a "hold" position with the thought
that we could reactivate it in a moment's notice at a
future date.

If indeed a meeting would serve us better so that we
could discuss any alternative plans, we will be more than
happy, to submit to this and would leave this up to you or,
if you so desire, to Mr. Bruha.

Very

William F. Miller
Chief

1i-:n Parks and Recreation Unit
Appendix 9
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ELLA RASSOSTATE OF CONNECTICUT

EXECUTIVE CHAMBERS

HARTFORD

January 19, 1979

Colonel John P. Chandler
U. S.- Army Corps of Engineers
New England Division
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Chandler:

In earlier correspondence I have requested the Corps' assistance in the
development of Silver Sands State Park in Milford, Connecticut.

I have been informed by Commissioner Stanley J. Pac of the Department
of Environmental Protection that as a part of the state's ongoing program of
beach improvements, it would be desirable to complete the shore erosion
project at Sherwood Island State Park in the Town of Westport. I am, therefore,
requesting the Corps' assistance to bring this project to a conclusion.

It has been my intention -since assuming office to provide-.the citizens of
Connecticut the best possible shore line facilities for recreational purposes.
The stabilization of the beach at Sherwood Island and the development of Silver
Sands State Park represent a substantial avhievement toward this objective.

Commissioner Pac is responsible for the overall project and it is my
understanding that the project officer for the beach development will be
Richard Clifford of the DEP's Park and Recreation Unit. Mr. Clifford can be
reached at (203) 586-2304.

I wish to thank you for your interest in this project and look forward
to cooperatively bringing it to a successful conclusion.

With best wishes,

Cordially,

Appendix 9ELLA GRASSO 9-7
Governor

~ts

!~~ | olI I I • _
" -- • I| -- -- 4 e E I I II I I II .I U

•I,,-. i -



it
4) . . , . .,..

*'

a..

SOAR? Pt fl

.4 I

4 I 44

~*' .4

1-4 .4 A 444 4, .~

- .4
'4.4. 4 - .4

-. 4.' 4 ~
'~1.' - 4 '4 4... '4.44. 4 *4.'4*4'* 4

4 V - *.. 44 ,., 4'

* 4\ . ~4A0 j'"~
4. #.

4
i44.., ~, *444 4....444 4" 4-4''~4* 4 ~ 

4
A ~ i'K;' /4

4 'I~ 7 ~ i4 $&4 4 ~  .-
4 .4 .brtXV~Y'~ . .4.4.

~ #4. '. 't/ ..4QQ Jf'
4 ~

Wr 4 ,4r ~44.4

.. 4~4.A4At4~~4&e4 44. f 4 4.. ~ 4 4~t%~>...4thr4- A- fQ"t.Q:';t I
I

~ ~ ~ ~ 4j44 4444 4
-A'. 4w~

S

'..444 .4.-..," * *'* *;.. - '4... 4.

a



* GLOSSARY OF TERMS

ACCRETION -A buildup of land which may be either natural or artificial.
Natural accretion is the buildup of land, solely by the forces of nature,
on a BEACH by deposition of waterborne or airborne material. Artifi-
cial accretion is a similar buildup of land by an act of man, such
as the accretion formed by a groin, breakwater, or beach fill deposited
by mechanical means.

ADVANCE (OF A BEACH) - (1) A continuing seaward movement of the shoreline.
(2) A net seaward movement of the shoreline over a specified time.

ALONGSHORE - Parallel to and near the shoreline; same as LONGSHORE.

AMPLITUDE, WAVE - The magnitude of the displacement of a wave from a mean
value. An ocean wave has an amplitude equal to the vertical distance
from stillwater level to wave crest. For a sinusoidal wave, amplitude
is one-half the wave height.

AQUIFER - Stratum or zone below the surface of the earth capable of pro-
ducing water.

ARTIFICIAL NOURISHMENT - The process of replenishing a beach with material
(usually Eaand) obtained from another location.

AWASH - Situated so thnt the top is intermittently washed by waves or tidal
action. Condition of being exposed or just bare at any stage of the
tide b'etwecn high water and chart datum.

BACKSHORE - The zone of a shore or beach lying between the foreshore and
the coastline and acted upon by waves only during severe storms, espe-
cially when combined with exceptionally high water. It comprises the
BERM or BERMS. (See Figure 10-1 located at the end of glossary.)

BACKWASH - (1) The seaward return of the water following the uprush of the
waves. (2) Water or waves thrown back by an obstruction such as
a ship, breakwater or cliff.

BANIK - (1) The rising ground bordering a lake, river or sea; the face of a
scarp. (2) An elevation of the sea floor of large area, located on a
continental (or island) shelf and over which the depth is relatively
shallow but sufficient for safe surface navigation; a group of shoals.
(3) In its secondary sense, a shallow area consisting of shifting
forms of silt, sand, mud and gravel, but in this case it is only used
with a qualifying word such as "sandbank" or "gravelbank".

Appendix 10
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BAR - A submerged or emerged embankment of sand, gravel or other unconsoli-
dated material built on the sea floor in shallow water by waves and
currents, especially at the mouth of a river or estuary or lying a
short distance from, and usually parallel to, the beach. See BAYMOUTH
BAR.

BARRIER BEACH - A bar essentially parallel to the shore, the crest of which
is above normal high water level.

BASEMENT - Rock complex, generally of IGNEOUS and METAMORPHIC rocks, over-
lain INCONFORMABLY by SEDIMENTARY strata.

BATHYMETRY - The measurement of depths of water in oceans, seas and lakes;
also information derived from such measurements.

BAY - A recess in the shore or an inlet of a sea between two capes or head-
lands, not as large as a gulf but larger than a cove.

BAYMOUTH BAR - A bar extending partly or entirely across the mouth of a bay.

BEACH - A zone of unconsolidated material that extends landward from the low-
water line to the place where there is marked change in material or physio-
graphic form, or to the line of permanent vegetation (usually the effective
limit of storm waves). The seaward limit of a beach - unless otherwise
specified - is the mean low-water line. A beach includes FORESHORE and
BACKSHORE. (See Figure 10-1.)

BEACH BERM - A flat terrace located at the top of the foreshore. Also, a
nearly horizontal part of the beach or backshore formed by the deposit
of material by wave action. Some beaches have no berms, others have
one or several. (See figure 10-1.)

BEACH WIDTH - The horizontal dimension of the beach measured perpendicular
to the shoreline.

BED - The smallest division of a stratified series, marked by a more or less
well-defined divisional plane from its neighbors above and below.

BED FORMS - Any deviation from a flat bed that is readily detectable by eye,
and higher than the largest sediment size present in the parent bed
material; generated on the bed of an alluvial channel by the flow.

BEDROCK - Any solid rock exposed at the surface of the earth or overlaid with
unconsolidated material.

BERM CREST - The seaward limit of a berm. (See Figure 10-1.)

BLOWOUT - A general term for various saucer-, cup- or trough-shaped hollows
formed by wind erosion on a preexisting dune or other sand deposit.

Appendix 10
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BLUFF -Any high headland or bank presenting a -precipitous front.

BOTTOM -The ground or bed under any body of water; the bottom of the sea.
(See Figure 10-1.)

BOULDER - A rounded rock more than 10 inches in diameter.

BREAKER - A wave breaking on a shore.

BREAKWATER - A structure protecting a shore area, harbor, anchorage or basin
from waves.

CHANNEL - (1) The part of a body of water deep enough to be used for naviga-
tion through an area otherwise too shallow for navigation. (2) The
deepest part of a stream, bay or strait though which the main volume
or current of water flows.

CHART DATUM - The plane or level to which soundings (or elevations) or tide
heights are referenced. The surface is called a tidal datum when referred
to a certain phase of tide. See also DATUM PLANE.

CLASTIC - Consisting of fragments of rocks or of organic structures that have
been moved individually from their place of origin.

CLAY - Fine-grained soil consisting of organic material the grains of which
have diameters smaller than 0.005 millimeters. Finer than SILT.

CLIFF - A high, steep face of rock; a precipice. See also MARINE CLIFF and
SEA CLIFF.

COAST - A strip of land of indefinite width (may be several miles) that extends
from the shoreline inland to the first major change in terrain features.
(See Figure 10-1.)

COASTAL AREA -The land and sea area bordering the shoreline. (See Figure 10-1.)

COASTAL PLAIN -A plain composed of horizontal or gently sloping strata of

CLASTIC materials fronting the coast.

COASTLINE - (1) Technically, the line that forms the boundary between the
COAST and the SHORE. (2) Commonly, the line that forms the boundary
between the land and the water.

COBBLE - A rock fragment between 65 and 256 millimeters in diameter, thus
larger than a PEBBLE and smaller than a BOULDER, rounded or otherwise
abraded in the course of aquenous, eolian or glacial transport.

CONTINENTAL SHELF - The zone bordering a continent and extending from the
low-water line to the depth (usually about 100 fathoms) where there
is a marked or rather steep descent toward a greater depth.

CONTuiJR - A line on a map or chart representing points of equal elevation
with relation to a datum.

Appendix 10
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CONVERGENCE - (1) In refraction phenomena, the decreasing of the distance -

between ORTHOGONALS in the direction of vave travel. Denotes an area)
of increasing wave height and energy concentration. Also FOCUSING.
(2) In wind-setup phenomena, the increase in setup observed over
that which would occur in an equivalent rectangular basin of uniform
depth, caused by changes in planform or depth; also the decrease in
basin width or depth causing such increase in setup.

COVE -A small, sheltered recess in a coast, often inside a larger embayment.

CREEP - Movement oZL an individual sand grain as a result of being hit by a
windborne sand grain.

CREST OF WAVE - (1) The highest part of a wave. (2) That part of the wave
above stiilwater level. (See Figure 10-2 located at the end of the glossary.)

CROSSBEDDING - The arrangement of laminations of strata transverse or oblique
to the main planes of stratification of the strata concerned; inclined,
often lens-shaped beds between the main bedding planes.

CRYSTALLINE - An inexact general term for igneous or metamorphic rocks as
opposed to sedimentary rocks.

CULM - STEM of grasses, usually hollow except at the swollen NODES.

CULTURAL EROSION - Erosion caused by effects of man's actions on the land-
excavation, traffic (vehicular and foot) and construction (inland and
shoreline).

CURRENT - A flow of water due to surface gradient, tidal phenomena, winds
and/or differential atmospheric pressures. See EBB CURRENT, FLOOD CURRENT,
LITTORAL CURRENT, LONGSHORE CURRENT, AND FIDAL CURRENT.

CURRENT RIPPLE - A ripple mark produced by the action of a current flowing
steadily in one direction over a bed of sand. See also RIPPLES (BED FORMS).

CYCLONE - In the northern hemisphere, a storm characterized by strong winds
rotating counterclockwise about a center of low atmospheric pressure.

DATUM PLANE - The horizontal plane to which soundings, grmd elevations
or water surface elevations are referred. Also REFERENCE PLANE. The
plane is called a TIDAL DATUM when defined by a certain phase of the
tide. On the Atlantic coast of the United States MEAN LO0W WATER is
the datum ordinarily used on hydrographic charts. A common datum
used on topographic maps is based on MEAN SEA LEVEL.

DEEP WATER - Water so deep that surface waves are little affected by the
ocean bottom. Generally, water deeper than one-half the surface wave-
length is considered deep water.

DEFLATION - The removal of loose material from a beach or other land surface
by wind action.

DEFOCUSING - The spreading farther apart of wave rays in shallow water than in
deep water; height or amplitude of the breaking wave is less than at points
where no defocusing occurs. See also DIVERGCEC.
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DEGLACIATION - The uncovering of an area from beneath glacier ice as a result
of shrinkage of a glacier.

DELTA - An alluvial deposit, roughly triangular or digitate in shape, formed
at a river mouth.

DENUDATION - The stripping of forests and vegetation from the land.

DEPTH - The vertical distance from a specified tidal datum to the sea floor.

DISCOID - Having the form of a disk.

DIVERGENCE - (1) In refraction phenomena, the increasing of distance betweeo
ORTHOGONALS in the direction of wave travel. Denotes an area of decreas-
ing wave height and energy concentration. Also DEFOCUSING. (2) In
WIND-SETUP phenomena, the decrease in setup observed under that which
would occur in an equivalent rectangular basin of uniform depth, caused
by changes in planform or depth. Also the increase in basin width or
depth causing such decrease in setup.

DOWNDRIFT - The direction of predominant movement of littoral materials.

DRIFT (noun) - (1) Sometimes used as a short form for LITTORAL DRIFT. (2)
The speed at which a current runs. (3) Also floating material deposited
on a beach (driftwood). (4) A deposit of a continental ice sheet, as a
drumlin. See GLACIAL DRIFT

DRIFT DEPOSIT - Any accumulation of glacial origin; glacial or glaciofluvial

deposit.

DUNE - Ridge or mound of loose, windblown material, usually sand.

EBB CURRENT - The tidal current away from shore or down a tidal stream;
usually associated with the decrease in the height of the tide.

EBB TIDE - The period of tide between high water and the succeeding low water;
a falling tide.

EMBAYMENT - An indentation in the shoreline forming an open bay.

HOLMAN SANDS - Sediments of sand size or smaller which have been transported
by winds. They may be recognized in marine deposits off desert coast
by the greater angularity of the grains compared with waterborne,
particles.

EQUATORIAL TIDES - Consecutive tides with similar ranges occurring when
the moon's orbit is on or close to the equator; morning and after-
noon tides are very much alike.

EROSION - The wearing away of land by the action of natural forces. On a
beach, the carrying away of beach material by wave action, tidal currents,
littoral currents, or by deflation.

EYE - In meteorology, usually the "eye of the storm" (hurricane); the roughly
circular area of comparatively light winds and fair weather found at
the center of a severe tropical cyclone.

0 EUSTATIC - Pertaining to simultaneous, world-wide changes in sea level; also
related to the amount of water incorporated in ice caps. Appendix 10
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EUTROPHICATION - Process occurring in a lake making it rich in dissolved
nutrients, but dificient in oxygen. S

FAN - An accumulation of debris brought down by a stream descending a steep
ravine and debouching in the plain beneath, where the detrital material
spreads out in the shape of a fan.

FATHOM - A unit of measurement used for soundings. It is equal to 6 feet
(1.83 meters).

FETCH - The continuous area of open water over which the wind blows in a
constant direction. In enclosed bodies of water, it would ususally
coincide with the longest axii in the general wind direction. Some-
times used synonymously with FETCH LENGTH.

FETCH LENGTH - The horizontal distance (in the direction of the wind) over
which the wind blows to generate SEAS or create a WIND SETUP.

FLOOD CURRENT - The tidal current toward shore, usually associated with the
increase in the height of the tide.

(FLOOD PLAIN - That portion of a river valley, adjacent to the river channel,
that is built of sediments during the present regiment of the stream and
that is covered with water when the river overflows its banks at flood
stages.

FLOOD TIDE - The period of tide between low water and the succeeding high
water; a rising tide.

FLUVIAL - Of or pertaining to rivers; produced by river action, as a fluvial
plain.

FOCUSING - The closing together of wave rays in shallow water; height oi
breaking wave is greater than at points where there is no focusing.
See also CONVERGENCE

FOREDUNE - The front dune immediately behind the backshore.

FORESHORE - The part of the shore lying between the crest of the seaward
berm ( or upper limit of wave wash at high tide) and the orinary low-
water mark that is ordinarily traversed by the uprush and backrush of
the waves as the tides rise and fall. (See Figure 10-1.)

FOSSIL - The remains or traces of animals or plants that have been preserved
by natural causes in the earth's crust exclusive of organisms that have
been buried since the beginning of historic time.

FOSSILIFEROUS - Containing organic remains.

FRONTAL MARGIN - The leading edge of a glacier.

FULCRUM POINT - Point at which there is no net erosion or accretion; erosion
occurs on one side of the fulcrum point, accretion on the other.

Appendix 10 0
10-6



GALE -Continuous winds with velocities in excess of 32 miles per hour.

W GENERATION OF WAVES - (1) The creation of waves by natural or mechanical
means. (2) The creation and growth of waves caused by a wind blowing
over a water surface for a certain period of time.

GLACIAL - Pertaining to, characteristic of, produced or deposited by or
derived from a glacier.

GLACIAL DRIFT - Sediment (a) in transport in glaciers, (b) deposited by
glaciers, and (c) predominantly of glacial origin, made in the sea or
in bodies of glacial meltwater. See DRIFT.

GLACIATION - Alteration of the earth's solid surface through erosion and
deposition by glacier ice.

GLACIER - A mass of ice with definite lateral limits, with motion in a defi-
nite direction and originating from the compacting of snow by pressure.

GLACIO- -A combining form frequently used with other words to denote forma-
tion by or relationship to glaciers.

GLACIOFLUVIAL - Pertaining to streams flowing from glaciers or to the
deposits made by such streams.

GLACIOLACUSTRINE - Produced by or belonging to glacial lakes.

GRADIENT (GRADE) - With reference to winds or currents, the rate of increase
or decrease in speed, usually in the vertical; or the curve that repre-
sents this rate. The change in a variable quantity, as temperature,
per unit distance.

GRANITE - Loosely used for any light-colored, coarse-grained igneous rock.
Actually an igneous rock consisting of essentially alkalic feldspar
and quartz.

GRANITIC - Pertaining to or composed of granite or granite-like rock.

GRAVEL - Accumulation of rounded, waterworn PEBBLES. The word gravel is
generally applied when the size of the pebbles does not much exceed
that of an ordinary hen's egg; fragment size ranges from 76 to 4.76
millimeters; may or may not contain interstitial sand ranging from
50 to 70 percent of the total mass.

GROIN - A shore protection structure built (usually perpendicular to the shore-
line) to trap littoral drift or retard erosion of the shore. Groins are
usually constructed of rock, timber, or sheet piles. See LOW PROFILE
GROIN and TERMINAL GROIN.

GROIN SYSTEM - A series of groins acting together to protect a section of
beach. Commonly called a groin field.

Appendix 10
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GROUNDWATER -Subsurface water occupying the zone of saturation. In a strict
sense, the term is applied only to water below the WATER TABLE.

GULF - A large embayment in a coast; the entrance is generally wider than
the length.

HANGING VALLEY - A tributary valley whose floor is higher than the floor in
the area of intersection.

HARBOR - Any protected water area affording a place of safety for vessels.

HEADLAND (READ) - A high, steep-faced promontory extending into the sea.

HIGH TIDE, HIGH WATER (11W) - The maximum elevation reached by each rising
tide. See TIDE.

HIGH-WATER MARK - In the strict sense, the intersection of the plane of mean
high water with the shore. The shoreline delineated on the nautical
charts of the U.S Coast and Geodetic Survey is an approximation of
the high-water line. For specific occurrences, the highest elevation
on the shore reached during a storm or riding tide, including meteoro-
logical effects.

HOLLOW - A small ravine; a low tract of land encompassed by hills.

HOOK - A spit or norrow cape of sand or gravel which turns landward at the
outer end.

HURRICANE - An intense tropical cyclone in which winds tend to spiral inward
toward a core of low pressure, with maximum surface wind velocities
that equal or exceed 75 miles per hour (65 knots) for several minutes
or longer at some points. TROPICAL STORM is the term applied if maxi-
mumn winds are less than 75 miles per hour.

HURRICANE PATH OR TRACK - Line of movement (propagation) of the eye through
an area.

HYDROLOGY - The science that relates to the water of the earth.

IGNEOUS - Formed by solidification from a molten or partially molten state.

INLET - (1) A short, narrow waterway connecting a bay, lagoon or similar
body of water with a large parent body of water. (2) An arm of the
sea (or other body of water) that is long compared to its width and
that us7 extend a considerable distance inland.

IN-MIGRATION - The net increase in popiulation due to an excess of people
moving in over people moving out.

INSHORE (ZONE) - The zone of variable width extending from the low-water
line through the breaker zone. (See Figure 10-1.)
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JETTY - On open seacoasts, a structure extending into a body of water and
designed to prevent shoaling of a channel by littoral materials and
to direct and confine the stream or tidal flow. Jetties are built at
the mouth of a river or tidal inlet to help deepen and stabilize a
channel.

KANE - A conical hill or short irregular ridge of gravel or sand deposited
in contact with glacial ice.

KETTLE - A pit or depression in drift made by the wasting away of a detached
mass of glacier ice that had been either wholly or partly buried in
the drift.

KINETIC ENERGY (OF WAVES) - In a progressive oscillatory wave, a summtion
of the energy of motion of the particles within the wave.

KNOT - The unit of speed used in navigation. It is equal to 1 nautical mile
(6,076,115 feet or 1,852 meters) per hour; about 1.15 statute miles
per hour.

'4 LAGOON - A shallow body of water, as a pond or lake, usually connected to
the sea.

LANDFILL - A system of trash and garbage disposal in which the waste is
buried between layers of earth.

LEACHATE - Highly concentrated effluent resulting from the leaching of
landfills.

LEE - Shelter, or the part sheltered (or turned away) from the wind or waves.

LENGTH OF WAVE - The horizontal distance between similar points on two

successive waves measured perpendicularly to the crest (See Figure 10-2.)

LIFT -.A section of sand or snow fence designed to catch and hold windblown
sand to increase the height of a dune.

LITHOLOGY - The physical character of a rock, generally determined megascopi-

cally or with the aid of a low-power magnifier.

LITTORAL - Of or pertaining to a shore, especially of the sea.

LITTORAL CURRENT - Any current in the littoral zone caused primarily by wave

action, e.g., longshore current, rip current.

LITTORAL DEPOSITS - Deposits of littoral drift.

LITTORAL DRIFT - The sedimentary material moved in the littoral zone under
the influence of waves and currents.

LITTORAL TRANSPORT - The movement of littoral drift in the littoral zone by
waves and currents. Includes movement parallel (longshore transport)
and perpendicular (onshore and offshore transport) to the shore.

Appendix 10
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LITTORAL TRANSPORT RATE -Rate of transport of sedimentary material par' liel
or perpendicular to the shore in the littoral zone. Usually expre 4e
in cubic yards (meters) per year. Commonly used as synonymous witi
LONGSHORE TRANSPORT RATE.

LITTORAL ZONE - An indefinite zone extending seaward from the shoreline to
Just beyond the breaker zone.

LOBE - A projection of a glacial margin or of a body of glacial drift beyond
the main mass of ice or drift.

LONGSHORE - Parallel to and near the shoreline.

LONGSHORE CURENT - The littoral current in the breaker zone moving essentially
parallel to the shore, usually generated by waves breaking at an angle to
the shoreline.

LONGSHORE ENERGY FLUX - It is equal to the component of wave energy flux
per unit length of shoreline which is parallel to the shoreline.
See WAVE ENERGY FLUX.

LONGSHORE TRANSPORT - The movement of sedimentary material parallel to the
shore. The rate of longshore transport is usually expressed in cubic
yards (meters) per year. Commonly used as synonymous with LITTORAL
TRANSPORT.

LOW PASS FILTER - A device (electronic or digital) that attenuates the
higher frequency components of a signal but that leaves the ampli-
tude of the lower frequency components unaffected.

LOW PROFILE GROIN - A groin placed (usually midway along the proposed project)
at or just below the proposed or existing ground. See GROIN.

LOW TIDE (LOW WATER, LW) - The minimum elevation reached by each falling
tide. See TIDE.

LOW-WATER MARK - The intersection of any standard low tide datum plane with
the shore.

MARINE CLIFF -A cliff, sometimes composed of unconsolidated sediments,
facing the ocean and formed by wave action.

MARSH - An area of soft, wet or periodically inundated land, generally tree-
less and usually characterized by grasses and other low growth.

MASS TRANSPORT - The net transfer of water by wave action in the direction
of wave travel. See ORBIT.

MEAN HIGH WATER (MHW) - The average height of the high waters over a 19-year
period. For shorter periods of observations, corrections are applied
to eliminate known variations and reduce the results to the equivalent
of a mean 19-year value.
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MEAN LOW WATER (MLW) - The average height of the low waters over a 19-year
* period. For shorter periods of observations, corrections are applied

to eliminate known variations and reduce the results to the equivalent
of a mean 19-year value.

MEAN SEA LEVEL - The average height of the surface of the sea for all stages
of the tide over a 19-year period, usually determined from hourly height
readings.

MELT WATER - Water resulting from the melting of snow or of glacial ice.

METAMORPHIC ROCK - Includes all those rocks that have formed in the solid
state in response to pronounced changes of temperature, pressure and
chemical environment, which generally take place below the zonet of
weathering and cementation.

MIGRATE - To translocate (as a dune, spit or inlet, more or less as a unit)
under the continued action of wind, waves and currents.

MORAINE - Drift deposited chiefly by direct glacial action and having con-
structional topography independet: of control by the surface on which
the drift lies.

MORPHOLOGY - The observation of the form of lands.

MUD - A fluid-to-plastic mixture of finely divided particles of solid material
and water.

MUD FLAT - An accumulation of mud that is exposed at low tide and covered
by shallow water at high tide.

NAUTICAL MILE - Generally 1 minute of latitude is considered equal to
1 nautical mile. The accepted United States value as of 1 July 1959
is 6,076.115 feet or 1,852 meters, approximately 1.15 times as long
as the statute mile of 5,280 feet. Also geographical mile.

NEAP TIDE - A tide occurring near the time of quadrature of the moon with
the sun. The neap tidal rage is usually 10 to 30 percent less than
the mean tidal range.

NEARSHORE (ZONE) - An indefinite zone extending seaward from the shoreline
well beyond the breaker zone. (See Figure 10-1.)

NODAL POINT - The point where the predominant direction of the LONGSHORE
TRANSPORT changes. The point at which the longshore current of sedi-
ment transport changes sign.

NODE - Joint of a STEM where a leaf is borne or may be borne. Buda are also
commonly borne at the node.

NORTHEASTER - Any east coast storm (except a hurricane) of the middle Atlantic
and New England States that produces strong onshore winds.

NOURISHMENT - The process of replenishing a beach. It may be brought about
naturally by longshore transport or artificially by the deposition of
dredged materials.

IUTR M- A nutritive substance or ingredient, referring here to organic
nutrients in the soil and underlying sediments both above and in the
water table. Appendix 10i i i~0-11. -



OFFSHORE - (1) The comparatively flat zone of variable width, extending from
the breaker zone to the seaward edge of the Continental Shelf. (2) A )
direction seaward from the shoi e. (See Figure 10-1.)

OFFSHORE WIND - A wind blowing from land to sea in the coastal area.

ONSHORE - A direction from sea to land.

ONSHORE WIND - A wind blowing from sea to land in the coastal area.

ORBIT - In water waves, the path of a water particle affected by the wave
motion. In deep-water waves the orbit is nearly circular and in
shallow-water waves the orbit is nearly elliptical. In general,
the orbits are slightly open in the direction of wave motion giving
rise to MASS TRANSPORT.

ORTHOGONALS - On a wave-refraction diagram, a line drawn perpendicular
to the wave crests. Also WAVE RAY.

OUTFALL - A structure extending into a body of water for the purpose of
discharging sewage, storm runoff or cooling water.

OUTWASH - Materials deposited by meltwater streams beyond active glacier
ice.

OUTWASH PLAIN - Fan-shaped overlapping deltas deposited by streams flowing
from the glacier.

OVERTOPPING - Passing of water over the top of a structure as a result of
wave runup or surge action.

PAMET - An outwash channel carved in glacial drift and having irregularities
resulting from melting of blocks of stagnant ice.

PAMET SAG - Depression in the edge of the scarp caused by its intersection
by a pamet.

PARABOLIC DUNE - A dune having (in ground plan) approximately the form of
a parabola, with the concave side toward the wind.

PEAT - A dark-brown or black residuum produced by the partial decomposition
of various plants (mosses, trees, etc.) that grow in marshes and simi-
lar wet places.

PEBBLES - Smooth rounded stones ranging in diameter from 2 to 64 millimeters.

PHASE SHIFT - A shift to the right of a sine wave.
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PHI GRADE SCALE -A logarithmic transformation of the Wentworth grade scale
for size classification of sediment grains based on the negative
logarithm to the base 2 of the particle diameter. Measured in Phi units.

PITTED OUTWASH PLAIN - An uutwash plain of gravel or sand with kettle holes.

PLEISTOCENE - The earlier of the two epochs comprising the Quaternary

period. Also called Glacial epoch and formerly called Ice Age.

POINT - The extreme end of a cape or the outer end of any land area pro-
truding into the water, usually less prominent than a cape.

PROFILE, BEACH - The intersection of the ground surface with a vertical
plane; may extend from the top of the dune line to the seaward limit
of sand movement. (See Figure 10-1.)

PROGLACIAL LAKE - Lake occupying a basin in front of a glacier generally
in direct contact with the ice.

PROGRADATION - A seaward advance of the beach berm.

PROPAGATION OF WAVES - The transmission of waves through water.

QUARTZITE - A granulose metamorphic rock consisting essentially of quartz.

RADIOCARBON DATING - The determination of the age of a material by measuring
the propagation of the isotope C14 (radiocarbon) in the carbon it con-
tains. The method is suitable for the determination of ages up to a
maxium of about 30,000 years.

RECESSION (OF A BEACH) - (1) A continuing landward movement of the shore-
line. (2) A net landward movement of the shoreline over a specifiedI time. Also RETROGRESSION.

RECESSIONAL MORAINE - A moraine formed during a temporary decrease in the
rate of glacial retreat.

RECHARGE - The processes by which water is absorbed and is added to the
zone of saturation. Also, the quantity of water that is added to
the zone of saturation.

RECURVED SPIT - A SPIT having one enid move or less strongly curved Inward
(landward).

REFRACTION (OF WATER WAVES) - (1) The process by which the direction of
a wave, moving in shallow water at an angle to the contours, is changed.
The part of the wave advancing in shallower water moves more slowly
than that part still advancing in deeper water, causing the wave
crest to bend toward alignment with the underwater contours. (2) The
bending of wave crests by currents.

RETROGRADATION - The cutting back of a beach toward land.
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RETROGRESSION (OF A BEACH) - (1) A continuing landward movement of the shore-
line. (2) A net landward movement of the shoreline over a specified
time. Also RECESSION, RETROGRADATION.

REVETMENT - A facing of stone, concrete, etc., built to protect a scarp,
embankment or shore structures against erosion by wave action or
currents.

RIP CURRENT - A strong surface current flowing seaward from the shore.
It usually appears as a visible baud of agitated water and is the
return movement of water piled up on the shore by incoming waves and
wind. With the seaward movement concentrated in a limited band, its
velocity is somewhat accentuated.

RIPPLES (BED FORMS) - Small bed forms with wavelengths less than 1 foot and
heights less than 0.1 foot.

RIPRAP - A layer, facing or protective mound of stones randomly placed to
prevent erosion, scour or sloughing of a structure or embankment;
also the stone so used.

RUBBLE - (1) loose angular waterworn stones along a beach. (2) Rough, irregu-
l~r fragments of broken rock.

RUBBLE-MOUND STRUCTURE - A mound of randomly shaped and randomly placed
stones protected with a cover layer of selected stones or specially
shaped concrete armor units. (Armor units in primary cover layer may
be placed in orderly manner or dumped at random.)

SALTATION - That method of sand movement of randomly shaped and randomly placed
stones protected with a cover layer of selected stones or specially
shaped concrete armor units. (Armor units in primary cover layer may
be placed in orderly manner or dumped at random.)

SALTATION - That method of sand movement in a fluid in which individual
particles leave the bed by bounding nearly vertically and, because
the motion of the fluid is not strong or trubulent enough to retain
them in suspension, return to the bed at some distance downstream.
The travel path of the particles is a series of hops and bounds.

SALT MARSH - A mud flat that has reached sea level enabling. salt-tolerant
plants to grow, thus producing a tough, erosion-resistant vegetal
mat that reaches approximately the level of hightida..

SAND - Detrital material ranging in size from 2 to 1/16 millimeters in
diameter.

SANDFILL - Sand added to a beach as a shore-protection measure.

SCARP - A more or less continuous line of cliffs or steep slopes facing
in one general direction that are caused by erosion or faulting.
(See Figure 10-1.)
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SCARP, BEACH - An almost vertical slope along the beach caused by erosion
by wave action. It may vary in height from a few inches to several
feet, depending on wave action and the nature and composition of the
beach. (See Figure 10-1.)

SCOUR - Removal of underwater material by waves and currents, especially at
the base or toe of a shore structure.

SEA CLIFF - A cliff situated at the seaward edge of the coast and formed
by wave action.

SEAS - Waves caused by wind at the place and time of observation.

SEAWALL - A structure separating land and water areas, primarily designed
to prevent erosion and other damage due to wave action.

SEDIM4ENT - Solid material, both mineral and organic, that is in suspension,
is being transported or has been moved from its site of origin by air,
water or ice and has come to rest on the eat' surface either above
or below sea level.

SEDIMENTARY ROCKS - Rocks formed by the accumulation of sediment in water
(aqueous deposits) or from air (eolian deposits). The fragments or
particles are of various sizes (conglomerate, sandstone, shale), of
the re-ains or products of animals or plants (certain limestones and
coal), of the product of chemical action or of evaporation (salt, gypsum,
etc.) or of mixtures of these materials. A characteristic feature of
sedimentary deposits is a layered structure known as bedding or
stratificaiton. Each layer is a bed or stratum. Sedimentary beds
as deposited lie flat or nearly flat.

SEPTAGE - The solid wastefrom on-site septic systems.

SHALLOW WATER - (1) Commonly, water of such a depth that surface waves are
noticeably affected by bottom topography. It is customary to consider
water of depths less than one-half the surface wavelengths as shallow
water. See DEEP WATER. (2) More strictly, in hydrodynamics with
regard to progressive gravity waves, water in which the depth is less
than 1/25 the wave-length. Also called very shallow water.

SHINGLE - (1) Loosely and commonly, any beach material coarser than ordinary
gravel, especially any having flat or flattish pebbles. (2) Strictly
and accurately, beach material of smooth, well-rounded pebbles that
are roughly the same size. The spaces between pebbles are not filled
with finer materials. Shingle often tvs out a musical sound when

SHOAL (noun) - A det~ched elevation of the sea bottom, comprised of any
material except rock or coral, which may endanger surface navigation.

SHOAL (verb) - (1) To become shallow gradually. (2) To cause to become shal-
low. (3) To proceed from a greater to a lesser dep,.h of water.

SHORE - The narrow strip of land in immsediate contact with the sea, including
the zone between high and low water lines. A shore of unconsolidated
material is usually called a beach. (See Figure 10-1.)
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SHORELINE -The intersection of a specified plane of water with the shore
or beach (e.g., the high-water shoreline would be the intersection of3
the plane of mean high water with the shore or beach.) The line
delineating the shoreline on U.S. Coast and Geodetic Survey nautical
charts and surveys approximates the mean high-water line.

SHORELINE-BREAKER ANGLE - The angle that a breaking wave makes with the
shoreline.

SILICIFIED - Replaced by or having the interstitial spaces filled with
fine-grained silica.

SILT - A very fine-grained sediment, most of the particles of which are
between 1/16 and 1/256 millimeters in diameter.

SLIP FACE - The steep, leeward side of a migrating dune.

SLUMP - The downward slipping of a mass of rock or unconsolidated material
of any size, moving as a unit or as subsidiary units, usually with
backward rotation of a more or less horizontal axis parallel to the
cliff or slope from which it descends.

SORTING - (1) In a genetic sense the terma may be applied to the dynamic
process by which material having some particular characteristic, such
as similar size, shape or specific gravity, is selected from a larger
heterogeneous mass. (2) In a descriptive sense the term may be used
to indiate the degree of similarity, in respect to some particular
characteristic, of the component parts in a mass of material.

SORTING COEFFICIENT - A mathematical measure of the degree of sorting of a
sediment.

SPIT - A small point of land or a narrow shoal projecting into a body of
water from the shore.

SPUR - A short section of sand fence attached to and perpendicular to a
longer section that is parallel to the beach.

STEM - The ascending axis of a plant, whether above or below ground, which
ordinarily grows in an opposite direction to the root or descending
axis.

STILLWATER LEVEL - The elevation that the surface of the water would assume
if all wave action were absent.

STRATIFIED - Formed or lying in beds, layers or strata.

STRATIFIED DRIFT - Drift exhibiting both sorting and stratification, imply-

ing deposition from a fluid medium such as water or air.

STRATIGRAPHIC - Of, relating to or determined by stratigraphy. The study
and correlation of stratified rocks according to origin, composition,
distribution and succession of strata.
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SURFICIAL GEOLOGY -The study of materials formed on, situated at or occur-
* ring on the earth's surface (especially unconsolidated residual, alluvial
w or glacial deposits lying on the bedrock).

SURF ZONE - The area between the outermost breaker and the limit of wave
uprush.

SWASH - The rush of water up onto the beach face following the breaking
of a wave.

SWELL - Wind-generated waves that have traveled out of their generating
area. A swell characteristically exhibits a more regular and longer
period and has flatter crests than waves that are near their area of
generation.

TERMINAL GROIN - A groin placed (usually at the beginning or end of a proposed
project) about 1 foot above the surface. See GROIN.

TERMINAL MORAINE - A moraine formed across the course of a glacier at its
farthest advance, at or near a relatively stationary edge or at places-
marking the termination of important glacial advances.

TIDAL CURRENT - The alternating horizontal movement of water associated with
the rise and fall of the tide caused by the astronomical tide producing forces.
See also FLOOD CURRENT AND E.BB CURRENT.

TIDAL, RANGE - The difference in height between consecutive high and low
(or higher high and lower low) waters.

TIDE - The periodic rising and falling of the water that results from gravita-
tional attraction of the moon and sun and other astronomical bodies
acting upon the rotating earth. Although the accompanying horizon-
tal movement of the water resulting from the same cause is also some-
times called the tide, it is preferable to designate the latter as
TIDAL CURRENT, reserving the name TIDE for the vertical movement.

TILL - Unsorted, unstratified sediment carried or deposited by a glacier.

TOPOGRAPHY - The configuration of a surface, including its relief, the posi-
tion of its streams, roads, buildings, etc.

TROPICAL CYCLONE - See HURRICANE.

TROPICAL STORM - A tropical cyclone with maximum winds loe than 75 milesLi per hour.
TUR2BULENT FLOW - That type of flow in which the stream lines are thoroughly

confused through heterogeneous mixing of flow as opposed to laminar
flow in which the stream lines remain distinct from one another over
their entire body.

UNCOUJORNABY - Not succeeding the underlying strata In imediate order of
age and in parallel position.
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UNSTRATIFIED - Not formed or deposited in beds or strata.

WASHOVER - Small delta built on the landward side of a bar separating a )
lagoon from the open sea. A washover results from storm waves breaking
over low parts of the bar and depositing sediment on the lagoon side.

WASHOVER CHANNEL - Depression leading across a low dune from the ocean side
to the washover on the lagoon side. Formed when a wave breaches a low
dune.

WATER TABLE - The upper surface of a zone of saturation, except where that
surface is formed by an impenetrable body.

WAVE - A ridge, deformation or undulation of the surface of a liquid.

WAVE DIRECTION - The direction from which a wave approaches.

WAVE ENERGY FLUX - The rate at which energy is transmitted in the direction
of wave propagation across a plane perpendicular to the direction of
wave advance and extending down the entire depth.

WAVE FRONT - On a wave refraction diagram, a line drawn parallel to the wave
crests or perpendicular to the wave rays. (See Figure 10-3.)

WAVE HEIGHT - The vertical distance between a crest and the preceding trough.

WAVELENGTH - The horizontal distance between similar points on two succes-
sive waves measured perpendicular to the crest. (See Figure 10-2.)

WAVE PERIOD - The time for a wave crest to traverse a distance equal to one
wavelength. The time for two successive wave crests to pass a fixed
point.

WAVE RAY - On a wave-refraction diagram, a line drawn perpendicular to the
wave crests. Also ORTHOGONAL. (See Figure 10-3.)

WAVE RAY-SHORELINE ANGLE - The angle that an incoming wave ray makes with the

shoreline.

WAVE SETUP - Superelevation of the water surface over normal surge elevation
due to onshore mass transport of the water by wave action alone.

WAVE TROUGH - The lowest part of a wave form between successive crests. Also
that part of a wave below stillwater level.

WEATHERED - Altered by a group of processes, such as the chemical action of
air and rain water and of plants and bacteria and the mechanical action,
change in character, decay and finally crumble into soil.

WIND SETUP - (1) The vertical rise in the stillwater level on the leeward
side of a body of water caused by wind stresses on the surface of the
water. (2) The difference in stillwater levels on the windward and
the leeward sides of a body of water caused by wind stresses on the
surface of the water. (3) Synonymous with STORM SURGE. STORM SURGE
is usually reserved for use on the ocean and large bodies of water.
WIND SETUP is usually reserved for use on reservoirs and smaller bodies
of water.
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WINDWARD The direction from which the wind to blowing.

3 WISCONSIN -Fourth Pleistocene epich of glaciation.
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SOURCES

Definitions in this glossary came from the following sources:

American Geological Institute, 1962. Dictionary of Geological Terms, Dolphin

books, Doubleday & Company, Inc., Garden City, Nev York.

U.S. Army Coastal Engineering Research Center, 1975. Shore Protection
Manual. Three Volumes. U.S. Army Coastal Engineering Research
Center, Kingman Building, Fort Belvoir, Virginia.
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Figure 10-1. Beach Profile-Related Terms (after U.S. Army
Coastal Engineering Research Center, 1975)
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Figure 10-2. Wave Characteristics and Direction of Water Particle
Movement (after Wiegel, 1953).
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